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Cell line producing analgesic compounds for treating pain 

The present invention relates to a cell line 
5 useful for the treatment of pain. More particularly, 
the cell line of this invention has been genetically 
engineered to produce at least one analgesic compound 
from each of the groups consisting of endorphins, 
enkephalins, and catecholamines • 

10 BackgrQu^d ot the inventioh 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrenergic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 

20 noxious stimuli. Chronic pain is predominantly due to 
neuropathies of central or peripheral origin. This 
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neuropathic pain is the result of aberrant 
somatosensory processing that can result in increased 
sensitivity to a painful stimulus (hyperalgesia) and 
pain associated with a stimulus that does not usually 
5 provoke, pain (allodynia) . 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly/ intrathecal administration of norepinephrine 
or noradrenergic agonists also produces analgesia, 
10 See, e.g., Sagen et al., Proc, Natl, Acad. Sci, USA. 
83, pp. 7522-26 (1986) . 

Co-administration of subeffective doses of 
opiates, such as enkephalins, and catecholamines, such 
as norepinephrine, may synergize to produce analgesia. 
15 Ibid, Chromaffin cells in the adrenal medulla produce 
and release several neuroactive substances including 
norepinephrine, epinephrine, met-enkephalin, leu- 
enkephalin, neuropeptide Y, vasoactive intestinal 
polypeptide, somatostatin, neurotensin, cholecystokinin 
20 and calcitonin gene-related peptide. See, e.g., Sagen 
et al., Prnr. Nat] - Ar^d. 5^ri . USA. 83, pp. 7522-26 
(1986); Sagen et al., Jnur. Neurochem.. 56, pp. 623-27 
(1991) . 

Because chromaffin cells produce both opioid 
25 peptides and catecholamines, one approach to reduction 
of nociceptive response or pain sensitivity has 
investigated transplanting adrenal medullary tissue, as 
well as isolated adrenal chromaffin cells, diredtly 
into CNS pain modulatory regions, in attempts to 
30 provide analgesia. See, e.g., Sagen et al.. Brain 
Research . 384, pp. 189-94 (1986); Vaguero et al., 
Neuroreoort . 2, pp. 149-51 (1991); Ginzberg and 



wo 96/40959 



PCT/US96/09629 



Seltzer, Rrain" Research . 523, pp. 147-50 (1990); Sagen 
et al.. Pain . 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 
using both allogeneic and xenogeneic chromaffin tissue 
5 or cells transplants. Allograft tissue is in limited 
supply/ and is not readily available, particularly for 
in human pain treatment programs. In addition, 
allogeneic human tissue carries the risk of pathogenic 
contamination. .See e.g., Hama and Sagen, Brain 

10 Research , 651, pp. 183-93 (1994). 

Xenogeneic donors may provide large \ 
quantities of material that can be readily obtained. 
For this reason, bovine adrenal tissue has been used: 
See, e.g., Hama and Sagen, Brain Research. 651, 

15 pp. 183-93 (1994) . 

However, potentially serious host 
consequences, as well as ultimate graft rejection, are 
inherent problems in transplantation between disparate 
species. Complete graft rejection of whole or 

20 dissociated tissue may occur even in the CNS, normally 
thought to be immunologically privileged, due to 
presence of highly antigenic cells in the xenografts, 
particularly endothelial cells. In addition, the donor 
tissue must be carefully screened to avoid introduction 

25 of viral contaminants, or other pathogens, to the host. 
To overcome graft rejection, immunosuppression is 
required typically using cyclosporine A. 

Some reduction in pain sensitivity has been 
reported resulting from these transplants, particularly 

30 for the reduction of low intensity chronic pain. In 
most reports, significant differences between control 
and transplanted animals were noted only after nicotine 
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administration to stimulate opioid peptide production. 

However, there have been some reports that analgesia 

has been observed in a rat chronic pain model from 

basal level activity of chromaffin tissue allografts. 
5 See, e.g., Vaquero et al., NpnroReport. 2, pp. 149-51 

(1991) and Hama and Sagen, Brain Rgseareh. 651, pp. 

183-93 (1994). 

Bovine adrenal chromaffin cells have been 

encapsulated to form a bioartif icial organ ("BAO") for 
10 implantation into rats for the- treatment of acute and 

chronic pain. See, e.g., Sagen et al., J, NfiurffSCi./ . 

13, pp. 2415-23 (1993) and Hama et al., 7th VqzI<A 

rnn<;rrftss Pain. Abstract. 982, Paris France (1993). 

Initial trials in human subject have been conducted 
15 using encapsulated bovine chromaffin cells. See, 

Aebischer et al., Tramsni antation. 58, pp. 1275-77 
(1994). 

There have also been attempts to induce 
antinociception using other cells, e.g., AtT-20 cells. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 
secrete li-endorphin. See, e.g., Wu et al., ^T, Neural 
Transpl. & PI asflcitv. 5, pp. 15-26 (1993) . 
AtT-20 /hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro- 
enkephalin A gene (i.e. containing 6 met-enkephalin 
sequences and one leu-enkephalin sequence) with 200 
bases of 5 '-flanking sequence and 2.66 kilobases of 3'- 
flanking sequence. See Wu et al., SUPrS/ Comb et al., 

30 F.MBO J. . 4, pp. 3115-22 (1985) . 

Wu et al., J. Nt»nral Transpl . & PI f>f>ticitV/ 
5, pp. 15-26 (1993) refers to rat hosts transplanted 
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With AtT-20 or AtT-20/hENK cells. Unstimulated AtT- 
20/hENK cells produced more antinociception (tail flick 
test) than produced by AtT-20 implants. In contrast, 
isoproterenol stimulation produced more antinociception 
5 with AtT-20 cells than with AtT-20/hENK cells. Ihl^- 

In mice hosts, AtT-20 or AtT-20/hENK implants 
did not affect basal response to thermal nociceptive 
stimuli. Mice receiving AtT-20 implants developed 
tolerance to B-endorphin and a p-opioid agonist 

10 (DAMGO) . Mice receiving AtT-2Q/hENK implants developed 
tolerance to an 6-opioid agonist (DPDPE) . In response 
to repeated doses of an p opiate agonist, mice 
receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells or controls. 

15 The antinociceptive effect of isoproterenol 

treatment appeared equal in mice receiving AtT-20 or 
AtT-20/hENK cell implants. See, Wu et al., iLu 
Npurosrience . 14, pp. 4806-14 (1994). Wu et al. 
speculated that one reason for the absence of 

20 additional antinociception in mice implanted with 
enkephalin producing AtT-20/hENK cells may be due to 
lack of sensitivity of the behavioral assays. Another 
possible reason was that met-enkephalin' s known 
antagonist effect, on morphine induced antinociception 

25 offset the potentiating effect of the single 

leu-enkephalin, particularly since there are 6 met- 
enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 
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Summary of the Invention 

The present invention provides a cell line 
that has been genetically engineered to produce at 
least one analgesic compound from each of the groups 
5 consisting of endorphins, enkephalins, and 

catecholamines. The cell line may be used in the 
treatment of pain. 

There are advantages to using a cell line 
over the use of primary cells. Expensive and time 

10 consuming testing to ensure safety and performance 
criteria for cells must be performed for individual 
isolations of primary cells. Less testing is required . 
of a cell bank. There is no need to isolate primary 
cells. Output of the desired analgesics may be more 

15 stable since the performance of primary cells may be 
dependent on the age, sex, health or hormonal status of 
the donor animal. It is also possible to achieve 
higher output of the desired products, as well as to 
engineer specifically modified peptides into the cell 

20 line. This permits delivery of multiple analgesics 
simultaneously. Expression of one of more of the 
analgesics can be regulated (by using a regulatable 
promoter to drive expression) . In addition, for 
safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 
to replace dying or dead cells. 
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Rri^f r>Psrrini-ion of the Drawing 

Figure 1 is a plasmid map of vector pBS- 
hPC»lC-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-ZACTH- 
029, 

5 Figure 2 is a plasmid map of vectors pCEP4- 

hPOMC-030, pCEP4-hPOMC-031, pcDNA3-hPOMC-034 and 
pcDNA3-hPC»lC-035 . 

Figure 3 is a plasmid map of vectors pCEP4- 
hPOMC-AACTH-032, pCEP4-hPOMC-AACTH-033, pcDNA3-hP0MC- 
10 AACTH-36 and pcDNA3-hPOMC-AACTH-037 . 

Figure 4 is a plasmid map of vectors pcDNA3- 
rTH-044, pcDKA3-rTHA-045, and pcDNA3-rTHDKS-075 (also 
represented as pcDNA3-rTHAKS-075) . 

Figure 5 is a plasmid map of vectors pcDNA3- 
15 rTHA-IRES-bDBH-088 and pcDNA3-rTHZlKS-IRES-bDBH-076. 

Figure 6 is a plasmid map of vector pZeo- 
Pcmv-rTHAKS-IRES-bDBH-088 . 

Figure 7 is a plasmid map of vector pBS-Pcmv- 
rTHAIRES-bDBH-067 . 
20 Figure 8 is a plasmid map of vector pBS- 

hPOMC-Z^CTH-IRES-rTHAlRES-bDBH-Oee . 

Figure 9 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-069. 

Figure 10 is a plasmid map of vector pcDNA3- 
23 IRES-Zeocin-072. 

Figure 11 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES- rTHZ^- IRES-bDBH- IRES- Zeocin- 07 3 . 

Figure 12 is a plasmid map of vector pcDNA3- 
hPROA+KS-091. 
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nAtailfiri n^csrrintiQn of the Invention 

In order that this invention may be more 
fully understood, the following detailed description is 
set forth. 

5 Any suitable cell may be transformed with the 

recombinant DNA molecules of this invention. Among the 
contemplated cells are chromaffin cells, including 
conditionally immortalized chromaffin cells such as 
those described in WO 96/02646/ Neuro-2A, PC12/ PC12a/ 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 
Preferably the cell has endogenous prohormone 
convertases and/or dopa decarboxylases. 

SK-N-MC cells, a neuroepithelioma cell line, 
co-expresses several neuropeptides, including 

15 enkephalin, cholecystokinin and gastrin-releasing 

peptide. See, e.g., Verbeeck et al., J, BXQXt Chemt/ 
265, pp. 18087-090 (1990). The pro-enkephalin A gene 
has been expressed in SK-N-MC cells. See, e.g., 
Folkesson et al., Mol. Brain Res., 3, pp. 147-54 

20 (1988) . We prefer AtT-20 and RIN cells, most 
preferably RIN cells. 

RIN cells are a pancreatic endocrine cell 
line derived from rat. See, e.g., Horellou et al., 
J, Physiol. . 85, pp. 158-70 (1991). RIN cells are 

25 known to endogenously produce GABA and ii-endorphin. 

Some of the characteristics of various 
contemplated cells are shown in Table 1. 
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15 



20 



25 



30 



Cells 

Chromaffin 
PC12. PC12a 
AtT-20 
RINa 
RINb 
Neuro 2A 



lablel 
Analgesic Substances 
NE, met-enkephalin 
low NE & met-enkephalln 
|)-endorphin 
P*endorphin, GABA 
(Endorphin 



O ^fier Components 
TH, DDC. DpH. PC 
DDC. DpH. PC 
DDC. PC 
DDC. PC 
DDC, PC 
DDC. DpH, PC 



TH = Tyrosine hydroxylase converts tyrosine - l-dopa 

10 ' DDC = Dopamine decarboxylase converts l-dopa - dopamine (DA) 

DpH » Dopamine P-Hydroxytase converts DA - norepinephrine (NE) 

PC s Prohormone Convertases process POMC to P-endorphin and Pro- 

enkephalin A (ProA) to met-enkephalin. 
AtT20 - Mouse pituitary corticotroph cell line that endogenously secretes P-endorphin 

via expression of Pro-opomelanocortin (POMC). 
RIN « Rat insulinoma 

Neuro 2A » Mouse neuroblastoma 

The primary delivery products include at 
least one each of an endorphin, an enkephalin and a 
catecholamine. 

Enkephalins and endorphins are endogenous 
opioid peptides in humans. These opioid peptides 
comprise approximately 15 compounds ranging from 5 to 
31 amino acids. These compounds bind to and act at 
least in part via the same u opioid receptor as 
morphine, but are chemically unrelated to morphine. In 
addition, these compounds stimulate other opiate 
receptors. Yaksh and Malmberg, Tpxtbook of Pain. 3rd 
Ed. (Eds. P. Wall and R. Melzack) , "Central 
Pharmacology of Nociceptive Transmission," pp. 165-200, 
1994 (New York) . 

The opioid peptides have common chemical 
properties, but are synthesized in different pathways. 



wo 96/40959 



PCTAJS96/09629 



- 10 - 

B-endorphin/ the most abundant endorphin, is 
synthesized as part of a larger precursor molecule/ 
pro-opiomelanocortin ("POMC") • The POMC molecule 
contains the full sequence of adrenocorticotrophic 
5 hormone ("ACTH")/ a-melanocyte-stimulating hormone 

("a-MSH"), iJ-MSH, and fi-lipotropin- The POMC precursor 
molecule also has the potential to generate other 
endorphins, including a-endorphin and gamma-endorphin. 
Processing of the POMC precursor occurs differently 

10 within various tissues according to the localization of 
cleavage enzymes, such as prohormone convertases, 
within those tissues. 

In the pituitary/ POMC is cleaved to produce 
ACTH and B-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus, ACTH is 
converted to B-MSH. While different cell types may 
synthesize the same primary gene product, the final 
profile of hormone secretion may differ widely. 

This invention contemplates use of a DNA 

20 sequence encoding any suitable endorphin that has 

analgesic activity. In addition, analogs or fragments 
of these endorphins that have analgesic activity are 
also contemplated. Thus the endorphin to be produced 
by the cells of this invention may be characterized by 

25 amino acid insertions, deletions, substitutions and 
modifications at one or more sites in the naturally 
occurring amino acid sequence of the desired endorphin. 
We prefer conservative modifications and substitutions 
(i.e., those having a minimal effect on the secondary 

30 or tertiary structure of the endorphin and on the 
analgesic properties of the endorphin) . Such 
conservative substitutions include those described by 
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Dayhoff in AMas of Protein Spouence and Structure, 5, 
(1978) anri by Argos. Embo J,. 3, pp. 779-85 (1989). 

Techniques for generating such variants of 
naturally occurring endorphins are well known. For 
5 example, codons in the DNA sequence encoding the wild 
type endorphin may be altered by site specific 
mutagenesis . 

This invention contemplates using a DNA 
sequence encoding the entire POMC precursor molecule. 
10 This embodiment takes advantage of the host cell's 
cleavage enzymes (i.e.. Prohormone convertase 2) to • 
generate a suite of endorphins, some or all of which 
may have analgesic properties. 

This invention also contemplates use of DNA 
15 fragments of the POMC gene that encode a particular 
desired endorphin. 

The DNA and amino acid sequence of POMC are 
well known. Cochet et al.. Nature. 297, pp. 335-9 
(1982); Takahashi et al., Nucl, Acids Res., 11, 
20 pp. 6847-58 (1983) . 

We prefer a DNA sequence encoding POMC in 
which the ACTH coding region has been deleted. The 
preferred endorphin encoded by this construct is 
B-endorphin. 

25 Some enkephalins are synthesized in the 

adrenal glands as part of a large protein, pro- 
enkephalin A, that contains six repeats of the Met- 
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-7U:g-Phe and 

30 Met-enkephalin-Arg-Gly-Leu have significant 

antinociceptive activity. See, e.g., Sagen et al.. 
Brain Res,. 502, pp. 1-10 (1989). 
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Other enkephalins, i.e., dynorphins and neo- 
endorphins are derived from a distinct molecule, pro- 
enkephalin B. Additional "cryptic" peptides are also 
encoded within the structure of these precursor 
5 proteins, and may be released by "pro-hormone-type" 
cleavage. See, e.g., Harrison's "Principles Of 
Internal Medicine", 12th Edition, pp. 1168-69 (1991). 

This invention contemplates use of a DNA 
sequence encoding any suitable enkephalin that has 

10 analgesic activity. Analogs and active fragments that 
have analgesic properties are also contemplated. Such 
analogs or fragments may thus have amino acid 
insertions, deletions, substitutions at one or more 
sites in the naturally occurring amino acid sequence. 

15 Such variants may be generated as described above. 

This invention contemplates use of a DNA 
sequence encoding a desired enkephalin in its "mature" 
form. In addition, this invention contemplates using a 
DNA sequence encoding the entire pro-enkephalin A 

20 precursor, or the entire pro-enkephalin B precursor. 
Further, we also contemplate using DNA encoding a 
fusion, or fragment of these sequences, that upon 
expression yields one or more enkephalin-like molecules 
that have analgesic properties. 

25 We prefer use of a DNA sequence encoding the 

entire pro-enkephalin A precursor molecule. The DNA 
and amino acid sequence of pro-enkephalin A are well 
known. Fnlkesson , supra , This embodiment takes 
advantage of the host cell's cleavage enzymes, such as 

30 prohormone convertase, to generate a suite of 

enkephalins, some or all of which may have analgesic 
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properties. The preferred enkephalin encoded by this 
construct is Met-enkephalin, 

There are three naturally occurring 
catecholamines which function as neurotransmitters in 
5 the central nervous system; norepinephrine ("NE")/ 

epinephrine ("E"), and dopamine, NE is associated with 
postganglionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the amino 

acid tyrosine, which is sequentially hydroxylated to 

form dihydroxyphenylalanine (dopa) / decarboxylated to 

form dopamine, and then hydroxylated on the beta 

position of the side chain by dopamine beta hydroxylase 
15 to form NE. Harrison's.' supra , pp. 380. NE is 

N-methylated to E by phenylethanolamine-N 

methyltransferase ("PNMT") . 

Hydroxylation of tyrosine by tyrosine 

hydroxylase ("TH") is the rate limiting step in NE 
20 synthesis. Regulation of dopa and NE synthesis in the 

adrenal medulla may be accomplished by changes in the 

amount and the activity of TH. 

In addition, regulation of synthesis of E 

from NE may occur by changes in the amount and the 
25 activity of phenylethanolamine-N-methyltransf erase 
("PNMT") . PNMT is inducible by glucocorticoids from 

the adrenal cortex. Ibid, 

Catecholamines are maintained in high 

concentration in adrenal medullary chromaffin tissue, 
30 mostly as E. Opioid peptides are also stored in the 

adrenal gland. 



WO9d/40959 



PCT/US9(i/09629 



- 14 - 

NE and E have similar affinities at 02 
receptors and therefore both potentially contribute to 
analgesia. Bylund, faseb j.. 6, PP. 832-39 (1992). 
The enkephalin peptides that predominantly include met- 
5 enkephalin selectively activate delta (5) opioid 
receptors. Reisine and Bell, Trends Neurosci . . 16, 
pp. 506-10 (1993) . Activation of 02 adrenergic and 5 
opioid receptors in the spinal cord each result in 
antinociception and are potentially synergistic. Yaksh 

10 and Malmberg, Prn^rpss in Pain Research and Management/ 
Vol. 1, Ed. Fields and Lisbeskind, lASP Press, Seattle, 
pp. 141-71 (1994) . Activation of 5 versus (p) opioid 
receptors in experimental animals results in fewer 
adverse side effects including constipation and 

15 addiction liability (Lee et al., J. Pharmacol. Exp. 
Ther. . 267, pp. 883-87 (1993) . The combined delivery 
of different opioidergic and adrenergic agents may 
decrease the magnitude of tolerance that develops to a 
single agent and lead to sustained pain relief. Yaksh 

20 and Reddy, An^^si-hesiol . . 54, pp. 451-67 (1981) . 

This invention contemplates use of a DNA 
sequence encoding catecholamine biosynthetic enzymes or 
analogs or fragments thereof to obtain catecholamines 
that have analgesic properties. The preferred 

25 catecholamines in this invention are NE and E. 

. In one embodiment, the host cell is 
transformed with the genes necessary to accomplish 
production of NE or E, as desired. The selection of 
heterologous gene sequences required depends upon the 

30 complement of catecholamine synthesizing enzymes 

normally occurring in the host cell. For example, RIN 
cells, and AtT-20 cells lack tyrosine hydroxylase 
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("TH") and dopamine beta hydroxylase ("DBH"). However, 
RIN and AtT-20 cells contain endogenous dopa 
decarboxylase ("DDC") • If the desired catecholamine is 
E, then the gene encoding PNMT is also required. The 
5 gene encoding PNMT is known. Baetge et al,, Proc, 
Nat'l Acad. Sci , . 83, pp. 5455-58 (1986). 

The gene encoding TH is known. See, e.g., 
United States patent 5,300,436, incorporated herein by 
reference. Modified TH variants are also known. 

10 United States patent 5,300,436. In addition, truncated 
versions of TH that contain the necessary C-terminal 
catalytic domains are also known. See, e.g., Daubner 
et al.. Protein Science . 2, pp. 1452-60 (1993). 

AtT-20 cells have been transformed with wild 

15 type TH, as well as various TH muteins. See, e.g., Wu 
et al., J. Biol- Chem, . 267, pp. 25754-758 (1992). 

The sequence of the DBH gene is also well 
known. See, e.g., Lamoroux et al., EMBQ J . . 6, 
pp. 3931-37 (1987) . 

20 It will be appreciated that in addition to 

the preferred DNA sequences described herein, there 
will be many degenerate DNA sequences that code for the 
desired analgesics. 

Secondary compounds with potential analgesic 

25 action may also be produced by the cells of this 
invention. Such compounds include galanin and 
somatostatin. In addition, neuropeptide Y, neurotensin 
and cholecystokinin may be produced by the transformed 
cells of this invention. The cells of this invention 

30 may normally produce some or all of these compounds, or 
may be genetically engineered to do so using standard 
techniques . 
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Standard methods may be used to obtain or 
synthesize the genes encoding the analgesic compounds 
to be produced by the cells of this invention. 

For example, the complete amino acid sequence 
5 of the desired compound may be used to construct a 
back-translated gene. A DNA oligomer containing a 
nucleotide sequence coding for the desired analgesic 
compound may be synthesized. For example, several 
small oligonucleotides coding for portions of each 

10 desired polypeptide may be synthesized and then 

ligated. The individual oligonucleotides typically 
contain 5' or 3* overhangs for assembly. 

The DNA sequence encoding each desired 
analgesic compound, may or may not also include DNA 

15 sequences that encode a signal sequence. Such signal 
sequence/ if present, should be one recognized by the 
cell chosen for expression of the analgesic compound. 
It may be prokaryotic, eukaryotic or a combination of 
the two. It may also be the signal sequence of the 

20 native compound. It generally is preferred that a 

signal sequence be encoded and most preferably that the 
native signal sequence be used. 

Once assembled, the DNA sequences encoding 
the desired compounds will be inserted into one or more 

25 expression vectors and operatively linked to expression 
control sequences appropriate for expression in the 
desired transformed cell. 

Proper assembly may be confirmed by 
nucleotide sequencing, restriction mapping, and 

30 expression of a biologically active polypeptide in the 
transformed cell. As is well known in the art, in 
order to obtain high expression levels of a transfected 
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gene in a host/ the gene roust be operatively linked to 
transcriptional and translational expression control 
sequences that are functional in the chosen expression 
cell. 

5 The choice of expression control sequence and 

expression vector will depend upon the choice of cell. 
A wide variety of expression host/vector combinations 
may be employed. Useful expression vectors for 
eukaryotic hosts ^ include, for example, vectors 

10 comprising expression control sequences from SV40, 

bovine papilloma virus, adenovirus and cytomegalovirus. 

We prefer pcDNA3, pCEP4, pZeoSV (InVitrogen, 
San Diego) and pNUT. 

Any of a wide variety of expression control 

15 sequences may be used in these vectors. Such useful 
expression control sequences include the expression 
control sequences associated with structural genes of 
the foregoing expression vectors. Examples of useful 
expression control sequences include, for example, the 

20 early and late promoters of SV40 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof. 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 described herein. Neither will all cells function 

equally well with the same expression system. However, 
one of skill in the art may make a selection among 
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these vectors, expression control sequences and cells 
without undue experimentation. For example, in 
selecting a vector, the hos't cell must be considered 
because the vector must replicate in it. The vector's 
5 copy number, the ability to control that copy number, 
and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, should also be 
considered. 

In selecting an expression control sequence, 

10 a variety of factors should also be considered. These 
include, for example, the relative strength of the 
sequence, its controllability, and its compatibility 
with the actual DNA sequence encoding the desired 
analgesic compounds, particularly as regards potential 

15 secondary structures. Host cells should be selected by 
consideration of their compatibility with the chosen 
vector, the toxicity of the product coded for by the 
DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 

20 culture requirements. If the host cell is to be 
encapsulated, cell viability when encapsulated and 
implanted in a recipient should also be considered. 

Within these parameters, one of skill in the 
art may select various vector/expression control 

25 sequence/host combinations that will express the 
desired DNA sequences in culture. 

In one embodiment, cells (e.g., RIN cells) 
are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 

30 gene, the TH gene and the DBH gene. In such a 

transformed host cell, amplification of copy number of 
the heterologous genes is more difficult to achieve. 
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Thus use of fewer expression vectors is preferred. Most 
preferably, a single expression vector, containing all 
4 heterologous genes, is used. 

In a particular embodiment RIN cells are 
5 sequentially transformed with 3 expression vectors. 

The first vector contains the POMC gene operably linked 
to the CMV promoter. Preferably a truncated version of 
the POMC gene is used, having the ACTH coding region 
deleted. The second vector contains the pro-enkephalin 

10 A gene operably linked to the CMV promoter. Preferably 
• the proA construct contains the Kozak sequence • 
immediately upstream of the start codon. The third 
vector contains both the TH gene (preferably truncated 
and having the Kozak consensus sequence immediately 

15 upstream of the start codon) and the DBH gene. In this 
embodiment, the TH gene is operably linked to the CMV 
promoter. The DBH gene is operably linked to an 
internal ribosome entry site promoter sequence. RIN 
cells are then transformed sequentially with each 

20 expression vector according to known protocols. 

In another embodiment, a single expression 
vector containing the pro-enkephalin A gene, the POMC 
gene, the TH gene, and the DBH gene is constructed. 
Preferably, the ACTH region of the POMC gene is 

25 deleted. Preferably the TH gene is truncated. 

Multiple gene expression from a single 
transcript is preferred over expression from multiple 
transcription units. One approach for achieving 
expression of multiple genes from a single eukaryotic 

30 transcript takes advantage of sequences in picorna 
viral mRNAs known as internal ribosome entry sites 
("IRES") . These sites function to facilitate protein 
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translation from sequences located downstream from the 
first AUG of the mRNA. 

Macejak and Sarnow reported that the 5' 
untranslated sequence of the immunoglobulin heavy chain 
5 binding protein (BiP, also known as CRP 78, the 

glucose-regulated protein of molecular weight 78,000) 
mRNA can directly confer internal ribosome binding to 
an mRNA in mammalian cells, in a 5 '-cap independent 
manner, indicating that translation initiation by an 
10 internal ribosome binding mechanism is used by this 
cellular mRNA. Nature 353, pp. 90-94 (1991). 

WO 94/24870 refers to use of more than two 
IRES for translation initiation from a single 
transcript, as well as to use of multiple copies of the 
15 same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 
preferably, the cell carries the TK (thymidine kinase) 
gene as a safety measure, permitting the host cell to 
20 be killed in yivo by treatment with gancyclovir. 

Use of a "suicide" gene is known in the art. 
See, e.g., An.derson, published PCX application 
WO 93/10218; Hamre, published PCT application 
WO 93/02556. The recipient's own immune system 
25 provides a first level of protection from adverse 

reactions to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory. The 
presence of the TK gene (or other suicide gene) in the 
expression construct adds an additional level of safety 
30 to the recipient of the implanted cells. 

Preferred vectors for use in this invention 
include those that allow the DNA encoding the analgesic 
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compounds to be amplified in copy number. Such 
amplifiable vectors are well known in the art. They 
include, for example, vectors able to be amplified by 
DHFR amplification (see, e.g., Kaufman, United States 
5 Patent 4,470,461, Kaufman and Sharp, "Construction Of A 
Modular Dihydrafolate Reductase cDNA Gene: T^alysis Of 
Signals Utilized For Efficient Expression", MqI. Cell, 
Biol. , 2, pp. 1304-19 (1982)) or glutamine synthetase 
("GS") amplification (see, e.g.. United States patent 

10 5,122,464 and European published application 338,841). 
Such amplification can be used to increase output of 
the desired analgesic compounds. 

Other techniques for increasing the output of 
the desired analgesic compounds are contemplated. For 

15 example, subcloning existing polyclonal cell lines is 
contemplated. Cells are cloned by limiting dilution to 
a single cell in each well. Cell clones are cultures, 
and the clones are tested to select the clone with the 
highest output of analgesic substances. 

20 Another technique for increasing the output 

of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155) . Some truncated forms of TH have 4-6 times 

25 increased activity over the wild type form of TH. See, 
e.g., Daubner et al., "Expression and characterization 
of catalytic and regulatory domains of rat tyrosine 
hydroxylase" PrntPln Science. 2, pp. 1452-60 (1993) . 

In addition, use of tyrosine- free media to 

30 select to increase tetrahydrobiopterin cofactor levels 
may potentially increase tyrosine hydroxylase activity. 
See, e.g., Horellou et al., "Retroviral transfer of a 
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human tyrosine hydroxylase cDNA in various cell lines; 
regulated release of dopamine in mouse anterior 
pituitary AtT-20 cells", Proc, NatJ , ftrari. ^Qi. VSA/ 
86, pp. 7233-37 (1989) . 
5 Preferably, the output of fi-endorphin ranges 

between 1 and 10,000 pg/lO*^ cells/hr. Preferably, the 
output of met-enkephalin ranges between 1 and 10,000 
pg/10^ cells/hr. Preferably, the output of 
catecholamines ranges between 1 and 1,000 pmoles/10® 
10 cells/hr. 

The cells- of this invention may be implanted 
into a mammal, including a* human, for the treatment, of 
pain. If implanted unencapsulated, any suitable 
implantation protocol may be used, including those 

15 outlined by Sagen et al.. United States patent 
4,753,635, incorporated herein by reference. 

It may be desirable to encapsulate the 
genetically modified cells of this invention before 
implantation. Such encapsulated cells form a 

20 bioartificial organ ("BAG"). BAOs may be designed for 
implantation in a recipient or can be made to function 
extra-corporeally. The BAOs useful in this invention 
typically have at least one semipermeable outer surface 
membrane or jacket surrounding a cell-containing core. 

25 The jacket permits the diffusion of nutrients, 
biologically active molecules and other selected 
products through the BAO. The BAG is biocompatible. 

In some cases, the membrane may serve to also 
immunoisolate the cells by blocking the cellular and 

30 molecular effectors of immunological rejection. The 
use of immunoisolatory membranes allows for the 
implantation of alio and xenogeneic cells into an 
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individual without the use of immunosuppression. If 
biologically active molecules are released from the 
isolated cells, they pass through the surrounding 
semipermeable membrane into the recipient's body. If 
5 metabolic functions are provided by the isolated cells, 
the substances to be metabolized enter the BAO from the 
recipient's body through the membrane to be acted on by 
the cells. 

A variety of types of membranes have been 

10 used in the construction of BAOs. Generally, the 
membranes used in BAOs are either microporous ot 
ultrafiltration grade membranes. A variety of membrane 
materials have been suggested for use in BAOs, 
including PAN/PVC, polyurethanes, polysufones, 

15 polyvinylidienes, and polystyrenes. Typical membrane 
geometries include flat sheets, which may be fabricated 
into "sandwich" type constructions, having a layer of 
living cells positioned between two essentially planar 
membranes with seals formed around the perimeter of the 

20 device. Alternatively, hollow fiber devices may be 
used, where the living cells are located in the 
interior of a tubular membrane. Hollow fiber BAOs may 
be formed step-wise by loading living cells in the 
lumen of the hollow fiber and providing seals on the 

25 ends of the fiber. Hollow fiber BAOs may also be 

formed by a coextrusion process, where living cells are 
coextruded with a polymeric solution which forms a 
membrane around the cells. 

BAOs have been described, for example, in 

30 United States patent Nos. 4,892,538, 5,105,627, 
5,156,844, 5,158,881, and 5,182,111, and PCT 
Application Nos. PCT/US/94/07015, WO 92/19195, WO 
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93/03901, and WO 91/00119, all of which are 
incorporated herein by reference. 

BAOs may contain other components that 
promote long term survival of the encapsulated cells. 
5 For example, WO 92/19195 refers to implantable 
immunoisolatory biocompatible vehicles having a 
hydrogel matrix for enhancing cell viability. 

The encapsulating membrane of the BAO may be 
made of a material which is the same as that of the 

10 core, or it may be made of a different material. In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired- The 

15 core contains isolated cells, either suspended in a 
liquid medium or immobilized within a hydrogel matrix. 

The choice of materials used to construct the 
BAO is determined by a number of factors and is 
described in detail in Dionne WO 92/19195. Briefly, 

20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surfaces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 

25 polyure thanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulfones, 
polyphosphazenes, polyacrylonitriles, 
poly (acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 

30 BAOs may be formed by any suitable method 

known in the art. One such method involves coextrusion 
of a polymeric casting solution and a coagulant which 
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suspensions of cells and/or. other therapeutic agents, 
as described in Dionne, WO 92/19195 and United States 
Patents 5,158,881, 5,283,187 and 5,284,761, 
5 incorporated herein by reference. 

The jacket may have a single skin or a double 
skin, A single-skinned hollow fiber may be produced by 
quenching only one of the surfaces of the polymer 
solution as it is co-extruded. A double-skinned hollow 
10 fiber may be produced by quenching both surfaces of the 
polymer solution as it is co-extruded. 

Numerous capsule configurations, such as 
cylindrical, disk-shaped or spherical are possible. 

The jacket of the BAO will have a pore size 
15 that determines the nominal molecular weight cut off 
(nMWCO) of the permselective membrane. Molecules 
larger than the nMWCO are physically impeded from 
traversing the membrane. Nominal molecular weight cut 
off is defined as 90% rejection under convective 
20 conditions. In situations where it is desirable that 
the BAO is immunoisolatory, the membrane pore size is 
chosen to permit the particular factors being produced 
by the cells to diffuse out of the vehicle, but to 
exclude the entry of host immune response factors into 
25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD, preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 
30 the BAO's outer membrane components. 

The core of the BAO is constructed to provide 
a suitable local environment for the particular cells 
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isolated therein. The core can comprise a liquid 
medium sufficient to maintain cell growth. Liquid 
cores are particularly suitable for maintaining 
transformed cell lines like PC12 cells. Alternatively, 
5 the core can comprise a gel matrix. The gel matrix may 
be composed of hydrogel (alginate, "Vitrogen^", etc.) 
or extracellular matrix components. See, e.g., Dionne 
WO 92/19195. 

Compositions that form hydrogels fall into 

10 three general classes. The first class carries a net 
negative charge (e.g., alginate). The second class 
carries a net positive charge (e.g., collagen and 
laminin) . Examples of commercially available 
extracellular matrix components include Matrigel"^ and 

15 Vitrogen^. The third class is net neutral in charge 
(e.g., highly crosslinked polyethylene oxide, or 
polyvinylalcohol) . 

Any suitable method of sealing the BAO may be 
used, including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

sealing techniques are known in the art- In addition, 
any suitable "dry" sealing method can also be used. In 
such methods, a substantially non-porous fitting is 
provided through which the cell-containing solution is 

25 introduced. Subsequent to filling, the BAO is sealed. 
Such a. method is described in copending United States 
application Serial No. 08/082,407, herein incorporated 

by reference. 

One or more in vitro assays are preferably 
30 used to establish functionality of the BAO prior to 
implantation in vivo . Assays or diagnostic tests well 
known in the art can be used for these purposes. See, 
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e.g., MPthnrifi In Enzvmoloav. Abelson [Ed], Academic 
Press, 1993. For example, an ELISA (enzyme-linked 
immunosorbent assay) , chromatographic or enzymatic 
assay, or bioassay specific for the secreted product 
5 can be used. If desired, secretory function of an 
implant can be monitored over time by collecting 
appropriate samples (e.g., serum) from the recipient 
and assaying them. If the recipient is a primate, 
microdialysis may be used. 

10 The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon 
implantation is determined by the amount of biological 
activity required for the particular application. In 
the case of secretory cells releasing therapeutic 

15 siabstances, standard dosage considerations and criteria 
known to the art are used to determine the amount of 
secretory substance required. Factors to be considered 
are discussed in Dionne, WO 92/19195. 

Implantation of the BAO is performed under 

20 sterile conditions. Generally, the BAO is implanted at 
a site in the host which will allow appropriate 
delivery of the secreted product or function to the 
host and of nutrients to the encapsulated cells or 
tissue, and will also allow access to the BAO for 

25 retrieval and/or replacement. The preferred host is a 
primate, most preferably a hxaman. 

A number of different implantation sites are 
contemplated. These implantation sites include the 
central nervous system, including the brain, spinal 

30 cord, and aqueous and vitreous humors of the eye. 

Preferred sites in the brain include the striatum, the 
cerebral cortex, subthalamic nuclei and nucleus Basalis 
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of Meynert. Other preferred sites are the 
cerebrospinal fluid, most preferably the subarachnoid 
space and the lateral ventricles. This invention also 
contemplates implantation into the kidney subcapsular 
5 site, and intraperitoneal and subcutaneous sites, or 
any other therapeutically beneficial site. 

In order that this invention may be better 
understood, the following examples are set forth. 
These examples are for purposes of illustration only, 
10 and are not to be construed as limiting the scope of " 
this invention in any manner. 

Examples 

rftn«i-«ir;f,iQn of Polveistrenie Expression Vectors 
Construction of IgSP-POMC Fusion 

15 The Smal-Sall fragment containing the human 

POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene) . See Takahashi . supra; CPChet; 5UPrg» 
The resulting plasmid was named as pBS-hPOMC-027 . See 
Fig. 1. 

20 A PCR fragment was generated using two 

oligonucleotide primers, termed oCNTF-003 (SEQ ID 
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT 
plasmid containing the human CNTF gene. See Baetge 

et al., Prnr. Matl - Arad . Sci . USA. 83, pp. 5454-58 
25 (1986) . Both primers oCNTF-003 and oIgSP-018, contain 

synthetic BamHI and Smal testriction sites, 

respectively, at the 5' ends. 

The 196 base pair (bp) PCR fragment was 

digested with restriction endonucleases BamHI and the 
30 Smal-isoschizomer Xmal, and electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp Hindlll/Xmal DNA 
fragment was excised and purified using the FUC 
SpinBind DMA purification kit (EMC BioProductS/ 
Rockland, ME) . 
5 pBS-hPOMc-027 was also digested with BamHI 

and Xmal and purified from 1% SeaPlaque agarose using 
the FMC SpinBind DNA purification kit (FMC BioProducts, 
Rockland, ME) . The ligation mixture was transformed 
into E. coli DH5a (Gibco BRL, Gaithersburg, MD) . 

10 Positive sub-clones were initially identified 

by the cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) . Minilysate DNA was then 
prepared using the FMC SpinBind DNA purification kit 
(EMC BioProducts, Rockland, ME) and subject to BamHI 

15 and Smal restriction digestions. The positive sub- 
clone was named as pBS-IgSP-hPOMC-028. See Fig. 1. 
The nucleotide sequence of the fusion junction in pBS- 
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 Cleveland) . The sequence of the IgSP-hPOMC fusion is 
shown in SEQ ID NO: 3. 

A. 

Construction of IgSP-POMC Expression Vectors 

The IgSP-hPOMC DNA fragment in pBS-IgSP- 
hPOMC-028 was subcloned into pcDNA3 (Invitrogen Corp., 
25 San DiegOf CA) and pCEP4 (Invitrogen Corp., San Diego, 
CA) in sense and anti-sense orientations • 

The Not I -Sal I IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the Notl-Xhol digested 
pCEP4 resulting in the sense orientation clone named as 
30 pCEP4-hPOMC-030, Fig, 2. The BamHI-Sall IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-031 . Fig. 2. 
The insert orientation in pCEP4-hPOMC-030 and -031 was 
confirmed by BamHI/ NotI, Sail and Notl/Sall 
5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

The BamHI-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
. as pcDNA3-hPOMC-034. Fig. 2. The Notl-Hindlll IgSP- 
hPOMC fragment from pBS-IgSP-hPOMC-028 was ligated with 
the Notl-Hindlll digested pcDNA3 resulting in the anti- 
sense orientation clone named as pcDNA3-hPOMC-035. 

15 Fig. 2. Restriction digestion using Smal, BamHI, 

EcoRI, and BamHI /EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas Hindlll, NotI 
and Sail were used for pcDNA3-hPOMC-035. 

Construction of ACTH Deleted IgSP-POMC 

20 The ACTH coding region in the POMC gene in 

pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmai restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI) . The 
Xmal-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI restriction enzyme and purified 
from 1% SeaPlaque agarose using the FMC SpinBind DNA 
purification kit (EMC BioProducts, Rockland, ME) . The 
self-ligation mixture was transformed into E. coli DH5a 
(Gibco BRL, Gaithersburg, MD) . Positive sub-clones 

30 were identified by BamHI/Hindlll restriction digestion 
and named as pBS-IgSP-hPOMCAACTH-029 . See Fig. 1. The 
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nucleotide sequence of the ACTH deletion region in pBS- 
IgSP-hPOMC-AACTH-029 was confirmed by the 
dideoxynucleotide sequence determination. The sequence 
of the IgSP-hPOMC-AACTH fusion is shown in SEQ ID 
5 NO: 4. 

Construction of ACTH Deleted IgSP-POiC 
Es^ression Vectors 

The IgSP-hPOMC-AACTH DNA fragment in pBS- 
IgSP-hPOMC-AACTH-029 was subcloned into pCDNAS 

10 (Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen 
Corp., San Diego, CA) in sense and anti-sense 
orientations. The Notl-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-Z^CTH-029 was ligated with the 
Notl-Xhol digested pCEP4 resulting in the sense 

15 orientation clone named as pCEP4-hPOMC-Z^CTH-032 

(Fig. 3) . The BamHI-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-AACTH-033 

20 (Fig. 3) . The insert orientation in pCEP4-hP0MC-AACTH- 
032 and -033 was confirmed by BamHI and EcoRI 
restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (US6C, 
Cleveland) . 

25 The BamHI-Sall IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-ZACTH-029 was ligated with the BamHI- 
Xhol digested pcDNA3 resulting in the sense orientation 
clone named as RcDNA3-hPOMAACTH-036 (Fig. 3) . The 
Notl-Hindlll IgSP-hPOMC-AACTH fragment from pBS-IgSP- 

30 hPOMC-Z^CTH-029 was ligated with the Notl-Hindlll 
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digested pcDNA3 resulting in the anti-sense orientation 
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3). 

Restriction digestion using PvuII and EcoRI 
was used to confirm the insert orientation in pcDNA3- 
5 hPOMC-AACTH-036, whereas Sail and EcoRI were used for 
pcDNA3-hPOMC-AACTH-037 . 

Cloning of Full Length and Truncated TH cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 

10 (Molecular Research Center/ Inc., Cincinnati, OH). 
Five hundred ng of PC12 total RNA was reverse 
transcribed at 42'C for 30 minutes in a 20ul reaction 
volume containing 10 roM Tris.HCl (pH 8.3), 50 roM KCl, 
4 mM of each dNTP, 5 mM MgCl2» 1-25 pM oligo (dT) 15- 

15 mer, 1.25 pM random hexamers, 31 units of RNase Guard 
RNase Inhibitor (Pharmacia, Sweden) and 200 units of 
Superscript II reverse transcriptase (Gibco BRL, 
Gaithersburg, MD) . Two micro-liters of the above 
reverse transcribed cDNA was added to a 25 pi PCR 

20 reaction mixture containing 10 mM Tris.HCl (pH 8.3), 
50 mM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of Thermus aquaticus 
(Taq) DNA polymerase (Boehringer Mannheim, Germany) . 
To generate the full length TH cDNA, 

25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were used. For the truncated 
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ 
ID NO: 6) were used instead. These oligonucleotides 
were constructed based on published TH sequence 

30 information in Grima et al., NatWCe/ 326, pp. 707-11 
(1987); US patent 5,300,436, and Paubneg/ SUE£a. 
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Primers orTH-052 {SEQ ID NO: 5) and orTH-054 
(SEQ ID NO: 7) have synthetic Hindlll restriction site, 
at the 5' end where orTH-053 has BamHI at the 5' end. 
The PGR reaction mixtures were subject to 30 
5 amplification cycles consisted of: denaturation, 94"C 
30 seconds (first cycle 2 minutes); annealing, SO'C 1 
minute; and extension, ll'C 3.5 minutes (last cycle 5 
minutes). The 1537 bp full length and 1087 bp 
truncated rat TH PGR fragments were digested with 

10 restriction endonucleases BamHI and Hindlll and 

resolved on an 1% SeaPlaque agarose gel. The 1531-bp 
and 1081-bp Hindlll/BamHI DNA fragments were excised 
and purified using the FMG SpinBind DNA purification 
kit (FMC BioProducts, Rockland, ME) . 

15 pcDNA3 expression vector was also digested 

with BamHI and Hindlll and purified from 1% SeaPlaque 
agarose using the FMG SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) . The ligation mixture 
was transformed into E.coli DH5a (Gibco BRL, 

20 Gaithersburg, MD) . 

Gracking gel procedure (Promega Protocols and 
Applications Guide, 1991) was used to screen out the 
positive sub-clones. The identity of the correct 
clones was further verified by BamHI /Hindi I I double 

25 digestion. 

The positive sub-clones for the full-length 
and truncated rat TH in pcDNA3 were named as pcDNA3- 
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4), 
respectively. The nucleotide sequence of both full- 
30 length and truncated rat TH PGR clones was determined 
by the dideoxynucleotide sequence determination using 
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the Sequenase kit (USBC, Cleveland) . The sequence of 
the rTHA construct is shown in SEQ ID NO: 16. 

To optimize the translation efficiency of the 
truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 ID NO: 8) was designed so that the consensus Kozak 

sequence is immediate up stream to the start codon ATG. 
pcDNA3-rTHA-45 was used as the template in a 50 ]il PCR 
reaction mixture with reagent composition identical to 
the one described above with the exceptidn that the 

10 oligonucleotide primers were replaced with orTH-078 
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6) . The 109*7 
bp PCR product was cloned into pcDNA3 in the same 
manner as described above. The resulting sub-clone was 
named pcDNA3-rTHAKS-75 (Fig 4) . The sequence of the 

15 rTHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTH-IRES-bDBH Fusion Gene 

Recombinant PCR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 
Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 

20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 
sec[uences/ respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5' end, respectively. 
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 
oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 

25 each other. Furthermore, oligonucleotide primer oIRES- 
bDBH-064 (SEQ ID NO: 11) has its 5' 16 nucleotides 
identical to the IRES sequence and its 3' 18 
nucleotides identical to the bDBH sequence; and vice 
versa for oIRES-bDBH-066 (SEQ ID NO: 12) . 

30 Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 
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and oIRES-bDBH-064/obDBH-065 on templates pCTI-001 
(with an insert containing the IRES sequence shown in 
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine 
DBH gene cloned from bovine adrenal chromaffin cells, 
5 Lamoroux et al., embo J. . 6, pp. 3931-37 (1987)) 

plasmids, respectively. One hundred ng of template DNA 
was added to a 50 ul PGR reaction mixture containing 
10 mM Tris.HCl (pH 8.3), 50 itiM KCl, 800 of each nM 
dNTP, 2 mM MgCl2, 400 nM of primers #1 and #2, and 2.5 

10 units of Thermus aquaticus (Taq) DNA polymerase 
(Boehringer Mannheim, German) . 

The PGR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturation, 94 "G 
for 30 seconds (first cycle 2 minutes); annealing, 

15 50 *G 1 minute; and extension, 72 °G 30 seconds (last 
cycle 5 minutes) . The PGR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PGR products were 
transfer to a tube containing 50 ul of PGR reaction 

20 mixtures identical to the one described above with the 
exception that the oligonucleotides oIRES-057 and 
obDBH-065 were used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °G 

25 for 30 seconds (first cycle 2 minutes); annealing, 
60 "C 30 seconds (second to fourth, cycles 37 "c 2 
minutes); and extension, 72 °G 30 seconds (last cycle 2 
minutes) . The 2407 bp IRES-bDBH fusion PGR product and 
the cloning vector pcDNA3-rTHA-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the mc 
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SpinBind DNA purification kit (FMC BioProducts, 
Rockland/ ME) . 

The ligation of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHA-045/BainHI/NotI would generate a rTHA-IRES- 
5 bDBH expression vector named as pcDNA3-rTHZi-IRES-bDBH- 
066 (Fig. 5) whereas that of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHAKS-075/BamHI/NotI would generate a rTHZiKS- 
IRES-bDBH expression vector, named as pcDNA3-rTHAKS- 
IRES-bDBH-076 (Fig. 5), where the start codon ATG in 

10 rTHA is preceded with a consensus Kozak sequence. The 
sequence of the rTHA- IRES -bDBH construct is shown in 
SEQ ID NO: 18. The sequence of the rTHAKS-IRES-bDBH 
construct is shown in SEQ ID NO: 19. The ligation 
mixture was transformed into DH5a (Gibco BRL, 

15 Gaithersburg, MD) . The positive clones were identified 
by the cracking gel procedure (Promega, Madison, WI) 
and restriction digestions using Hindlll, BamHI, 
Hindi II /BamHI, Smal and Notl. 

The 4114 bp Nrul-Xhol fragment containing the 

20 CMV promoter- rTHAKS-IRES-bDBH was excised out of 

pcDNA3-rTHAKS-IRES-bDBH-076 and subcloned into pZeoSV 
cloning vector (Invitrogen Corp., San Diego, CA) 
digested with Seal and Xhol in the multiple cloning 
site. The resulting expression vector was named as 

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6) . 

Construction of IgSP-hPOMC ACTH- 
rTHD-IRES-bOBH Fusion Gene 

The 4100 bp NruI-NotI fragment containing the 
CMV promoter, rTHD- IRES -bDBH fusion gene, and BGH 
30 polyadenylation sequence was excised out of pcDNA3- 
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rTHA-IRES-bDBH-066 and subcloned into the pBS 

(Stratagene^ La Jolla, CA) cloning vector. 

The resulting plasmid pBS-Pcmv-rTHA-IRES- 

bDBH-067 (Fig. 7) was used as the intermediary 
5 construct to which the recombinant PCR IgSP-hPOMCDACTH- 

IRES fragment would be inserted. 

Oligonucleotide oIgSP-068 (SEQ ID NO: 13), 

containing a synthetic EcoRV restriction site, is 

specific for the IgSP sequence. 
10 Oligonucleotide primer orTHA-073 (SEQ ID.. 

NO: 14) is specific for the rTHA sequence and contains 

an endogenous Smal restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEQ 

ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are 
15 complementary to each other. Furthermore, 

oligonucleotide primer ohPOMC-IRES-069 has its 5', 18 

nucleotides identical to the hPOMC sequence and its 3* 

12 nucleotides identical to the IRES sequence; and vice 

versa for ohPOMC- IRES- 070. 
20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 

ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 

complementary to each other. In addition, 

oligonucleotide primer oIRES-rTHA-071 has its 5' 15 

nucleotides identical to the rTH/i sequence and its 3' 
25 18 nucleotide identical to the IRES sequence; and vice 

versa for oRIRES-rTHA-072 . 

Three sets of first PCR reactions were 

carried out. 

PCR reaction A: template pBS-IgSP-hPOMCDACTH-029, 
30 oligonucleotides oTgSP-068/ohPOMC'-IRES-069; 
PCR reaction B: template pCTI-001, 
oligonucleotides ohPOMC-IRES-070/oIRES-rTHA-071; and 
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PGR reaction C: template pcDNA3-rTHA-045/ 
oligonucleotides orIRES-rTHA-072/orTHA-073 . 

The three sets of first PGR reactions were 
carried in 50 pi PGR reaction mixture containing 100 ng 
5 of template DNA, 10 inM Tris. HCl (pH 8.3), 50 roM KGl, 
800 of each nM dNTP, 2 inM MgC123, 400nM of primers #1 
and #2, and 2.5 units of Thermus aquatiC«S (Taq) DNA 
polymerase (Boehringer Mannheim, Germany) . 

The PGR reaction mixtures were subject to 30 
10 amplification cycles consisted of: denaturation, 94 "C 
for 30 seconds (first cycle 2 minutes) ; annealing, 
50 "C 1 minute; and extension, 72 "C 30 seconds (.last 
cycle 5 minutes) . 

The PGR products were resolved on 1% 
15 TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the PGR products from PGR 
reactions B and G were transferred to a tube containing 
50 ]il of PGR reaction mixtures identical to the one 
described above with the exception that the 
20 oligonucleotides ohPOMG- IRES- 070 and orTHA-073 were 
used. 

The second PGR reaction was stabject to 30 
amplification cycles consisted of: denaturation, 94 "C 
for 30 seconds (first cycle 2 minutes) ; annealing, 
25 60 °G 30 seconds (second to fourth cycles 37 "C 2 

minutes); and extension, 72 °G 30 seconds (last cycle 2 
minutes) . 

The PGR products were treated as described 
above. Agarose plugs containing the PGR products from 
30 the second PGR reaction and the PGR reaction A were 
combined and subjected to a third PGR amplification 
. using oIgSP-068/rTHA-073 . The 1203 bp IgSP-hPOMC-IRES- 
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rTHA fusion PCR product and the cloning vector pBS- 
Pcmv-rTHA-IRES-bDBH-067 were digested with EcoRV and 
Xmal restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using the EMC SpinBind DNA 
5 purification kit (FMC BioProducts, Rockland, ME) . The 
ligation mixture was transformed into DH5a (Gibco BRL, 
Gaithersburg, MD) . 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
10 restriction digestions using EcoRI, Kpnl and NotI, The 
resulting clone was named as pBS-IgSP-hPOMCAACTH-.IRES- . 
rTHA-IRES-bDBH-068 . Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23. 

Construction of IgSP-hPOMCACTH-IRES- 
rTHA-IRES-bDBH Expression Vectors 

The 44 91 bp NotI fragment containing the 
IgSP-hPOMCAACTH'-IRES-rTHA-IRES-bDBH gene was excised 
out of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp., San 
Diego, CA) at the NotI site in the multiple cloning 
site. Restriction digestion using NotI and Smal 
confirmed that the IgSP-hPOMCZiACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3«IgSP-hPOMCZiACTH-IRES-rTHA-IRES-bDBH-069. See 
Fig. 9. 

Construction of IgSP-hPOMCAACTH-IRES-rTHA-IRES- 
bDBH-IRES-Zeocine Expression Vector 

Recombinant PCR methodology was used to 
generate the IRES-Zeocine fusion gene. 
30 Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin- 
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin 
gene sequences, respectively, and contain synthetic 
NotI and Xhol restriction sites at the 5* end, 
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ 
5 ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 
complementary to each other. Furthermore, 
oligonucleotide oIRES-Zeocin-075 has its 5' 15 
nucleotides identical to the Zeocin sequence and its 3' 
18 nucleotides identical to the IRES sequence; and vice 

10 versa for oIRES-Zeocin-076, 

Two first PCR reactions were carried out ' 
using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 
and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 
and pZeoSV (Invitrogen Corp., San Diego, CA) plasmids, 

15 respectively. 

One hundred ng of template DNA was added to a 
50 ul PCR reaction mixture containing lOmM Tris.HCl (pH 
8.3), 50 mM KCl, 800 of each nM dNTP, 2 mM MgCl2, 400 
nM of primers #1 and #2, and .2.5 units of Thermus 

20 a quatici^s (Taq) DNA polymerase (Boehringer Mannheim, 
Germany) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturatioh, 94 ''C 
for 30 seconds (first cycle 2 minutes) ; annealing, 

25 50 '^C 1 minute; and extension, 72 ''C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 1% 
TrivieGei 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 

30 transfer to a tube containing 50 ul of PCR reaction 
mixtures identical to the one described above with the 
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exception that the oligonucleotides oIRES-074 and 
oZeocin-077 were used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 ^^C 
5 for 30 seconds (first cycle 2 minutes) ; annealing, 
50 '^C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 30 seconds (last cycle 2 
minutes) . 

The 974 bp IRES-Zeocin fusion PGR product and 

10 the cloning vector pcDNA3 were digested with Not I and 
Xhol restriction enzymes and subsequently purified. from 
1% SeaPlaque agarose gel using the FMC SpinBind DNA 
purification kit (BMC BioProducts, Rockland, ME) . 

The ligation of IRES-Zeocin/Notl/XhoI and 

15 pcDNA3/NotI/XhoI would generate an intermediate cloning 
vector named as pcDNA3-IRES-Zeocin-072 . Fig. 10. 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
restriction digestions using Hindlll, Smal, Xhol, NotI 

20 and Notl/Xhol. 

To generate the final IgSP-hPOMGDAGTH-IRES- 
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 
bp NotI fragment containing the IgSP-hPOMGAACTH-IRES- 
rTHA-IRES-bDBH gene was excised out of the pBS-IgSP- 

25 hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 (Fig. 8; SEQ ID 

NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig. 10) at the NotI site in the multiple cloning 
site. 

Restriction digestion using NotI and Smal 
30 confirmed that the IgSP-hPGMGAAGTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3«IgSP-hP0MCAAGTH-IRES-rTH^-IRES-bDBH-IRES-Zeocin- 
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073. The sequence of this construct is shown in SEQ ID 
NO: 28. Fig. 11. 

Construction of ProA'fKS Fusion 

A construct containing the coding region of 
5 the human pro-enkephalin A gene with the consensus 

Kozak sequence immediately upstream to the start codon 
ATG. The sequence of this construct is shown in SEQ ID 
NO: 29. 

Construction of hProA+KS Expression Vector 

10 The Hindlll/BamHI fragment containing the 

hProA+KS fusion was ligated into BamHI and Hind III 
digested pcDNA3 expression vector substantially as 
described above. After screening as described above, a 
positive sub-clone was named pcDNA3-hProA+KS-091 . 

15 Fig. 12. Construction of the pBS-CMV Pro A vector is 
detailed in Mothis, J. and Lindberg, I., FfPdocr j-nolpgv# 
131, pp. 2287-96 (1992). 

Tzansfoxmation of Cells 

RIN and AtT-20 cells were transformed as 

20 follows . 

The RINa and AtT-20 based cell lines were 
grown in DMEM (Gibco) with 10% fetal bovine serum and 
pen-strep- fungi zone (Gibco) base media. The cells were 
plated out in PlOO petri dishes (750,000 cells/dish) in 
25 10 ml of base media. 18-24 hours later, the cells were 
transfected using calcium phosphate method with a kit 
made by Stratagene (San Diego, OA) . A 10 ug amount of 
the plasmid vector DNA was diluted in 450 pi of 
deionized sterile water. Then, 50 ]il of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 ]xl 
amount of solution #2 was immediately added to the DNA 
containing solution and mixed gently. This was 
incubated at room temperature for 20 minutes and then 
5 the 1.0 ml solution was added to the cells in the petri 
dish. The cells were incubated overnight and 18-24 
hours later the cells were washed 2x with Hanks 
balanced salt solution without calcium and magnesium, 
Then^ the cells were cultured in base media + selection 

10 drugs. The cells were selected in either 600 ug/ml 
geneticin (Gibco) or 400 pg/ml hygromycin (Boehringer 
Mannheim) or 500 ug/ml Zeocin (In Vitrogen, San Diego, 
CA) . Cells were sequentially transfected and selected 
to obtain the final cell line. 

15 The RINa cells were transfected with plasmid 

pCEP4-hPOMC-030 containing the POMC gene. This is a 
hygromycin resistant vector. The cells were also 
transformed with plasmid pcDNA3-hProA+KS-091 . This is 
a geneticin resistant vector. Finally, the cells were 

20 transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The AtT-20 cells were transfected with 
plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which 
conferred geneticin and hygromycin resistance, 

25 respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-088 . 

We have tested a number of media for cell 
growth. Surprisingly we have found that in certain 
serum- free medias, the above cell lines have enhanced 

30 neurotransmitter output, compared to serum-containing 
media. We prefer CHO-Ultra (Biowhitaker) for the 
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for the growth of RINa cells. 

Output of various analgesics from one 
transformed RINa cell line {RINa/ProA/P030/P088) is 
5 shown in Table 2, All values represent unstimulated 
cells. Output of B-endorphin and met-enkephalin is in 
pg/10^ cells/hr. fi-endorphin and met-enkephalin were 
measured by radioimmunoassay using Incstar kits 
(Stillwater/ Minnesota) . Catecholamine output is in 

10 pmoles/10^ cells/hr. The numbers in parentheses 

represent values from cells that were preincubated 18* 
hours with 100 ]M tetrahydrobiopterin. Catecholamines 
were measured by high performance liquid chromatography 
as described in Lavoie et al., "Two PC12 

15 pheochromocytoma lines sealed in hollow fiber-based 
capsules tonically release 1-dopa in vitro", Cell 
transplantation . 2, pp. 163-73 (1993) . GABA output 
from these RINa cells was 28 ng/10^ cells/hrs. 

20 Cell Line Endogenous p^endorohin Me^enK g 

Analgesic 
Substances 

RINa/ProA/ p-endorphin .22 17 3 0 

POMC/ GABA (6) (2) 

25 ThHRES-D3H 

There are encrypted enkephalin fragments which are not 
fully processed from the pro-enkephalin precursor 
molecule- These encrypted enkephalins have opioid 
receptor binding activity. We digested these encrypted 
30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 ug/i^^l trypsin 
(Worthington #34E470) solution is added to media 
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samples on ice. Samples are vortexed/ then incubated 
for 20 minutes in a 37*C waterbath. After the 20 
minute digest/ samples are returned to ice and 100 
ng/ml carboxypeptidase B (Sigma #C-7011) is added. 
5 Samples are mixed by vortexing, and returned to the 
37^*0 waterbath for 15 minutes. Samples are placed on 
ice once more and 10 ug/ml trypsin inhibitor is added. 
At this stage, samples are either extracted for met- 
enkephalin or immediately frozen for future extraction. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from' the longer encrypted fragments* A 
met-enkaphalin radioimmunoassay of the digested sample 
gives total met-enkaphalin from the supermatant. The 
transformed RINa cells appear to have greater than 5 

15 fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber eapfiule formation and characteristics 

Hollow fibers are spun from a 12.5-13.5% 
poly (acrylonitrile vinylchloride) solution by a wet 

20 spinning technique. Cabasso, Hollow Fiber Membranes, 
vol. 12, Kirk-Qthm er Encyclopedia of Chemical 
Technology/ Wiley, New York, 3rd Ed. pp. 492-517 
(1980), Unites States patent 5,158,881, incorporated 
herein by reference. 

25 The resulting membrane fibers may either be 

double skinned or single skinned PAN/PVC fibers. In 
order to make implantable capsules, lengths of fiber 
are first cut into 5 cm long segments and the distal 
extremity of each segment sealed with an acrylic glue. 

30 Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 
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end of the fiber with a single drop of LCM 24 (Light 
curable acrylate glue, available from ICl) , curing the 
glue with blue light/ and repeating the step with a 
second drop^ The opposite end is previously attached 
5 to a frangible necked hub assembly, having a silicone 
septum through which the cell solution may be 
introduced. The fiber is glued to the hub assembly by 
applying LCM 22 to the outer diameter of the hub 
assembly, pulling the fiber up over it, and curing with 

10 blue light. The hub/ fiber assemblies are placed in 
sterilization bags and are ETO sterilized. 

Following sterilization with ethylene oxide 
and outgassing, the fibers are deglycerinated by 
ultrafiltering first 70% EtOH, and then HEPES buffered 

15 saline solution through the walls of the fiber under 
vacuum. 

Prpparaf.inn and Encapsulation of Transformed Cel l s 

The transformed cells are prepared and 
encapsulated as follows: 

A matrix solution is prepared using a 
commercially available alginate, collagen or other 
suitable matrix material. The cell solution was 
diluted in the ratio of two parts matrix solution to 
one part cell solution containing the transformed cells 
described above. We prefer Vitrogen (Celtix, Santa 
Clara) as a matrix for AtT-20 cells. 

We prefer Organogen (Organogenesis, Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 
The cells are grown in base media of DMEM + 10% fetal 
bovine serum during the proliferation phase. These 
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cells can be removed from the tissue culture flasks by 
two washes in Hanks balanced salt solution without 
calcixim and magnesium. Then the cells are incubated in 
0,25% trypsin + EDTA for 1 minute. This is removed and 
5 the cells are rinsed free of the flask using Hanks 
balanced salt solution without calcium and magnesium 
solution. The cells are placed in 10 mis of base media 
and centrifuged at 100 x g for 2 minutes. The cells 
are resuspended in 10 mis of the preferred serum free 

10 media (Ultra culture, Biowhitaker, Walkersville, MD) . 
Surprisingly, the RINa cells secrete more analgesic . 
substances when cultured in this serum free media • 
relative to serum continuing base media. 

The cells are centrifuged at 100 g twice in 

15 the preferred serum free media before the cells are 
concentrated 1:1 with the preferred Organogen matrix. 
Organogen is a 1% bovine tendon collagen obtained as a 
sterile solution. 8 parts of this solution are mixed 
with 1 part lOX DPBS. 0.5 N sodium hydroxide is added 

20 until physiological pH is attained (approximately 
250 ]xls) . 

The final concentration of the cell + matrix 
solution used for encapsulation can range from 20,000 - 
50^000 cells/ul. The cells are counted in a standard 
25 manner on a hemocytometer . 

The cell/matrix suspension is placed in a 
1 ml syringe. A Hamilton 1800 Series 50 microliter 
syringe is set for a 15 microliter air bubble, is 
inserted into a 1 ml syringe containing the cell 
30 solution and 30 microliters are drawn up. The cell 
solution is injected through the silicone seal of the 
hub/ fiber assembly into the lumen of a modacrylic 
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hollow fiber membrane with a molecular weight cutoff of 
approximately 50,000-100,000 daltons. Ultrafiltration 
should be observed along the entire length of the 
fiber. After one minute, the hub is snapped off the 
5 sub-hub, exposing a fresh surface, unwet by cell 

solution. A single drop of LCM 24 is applied and the 
adhesive cured with blue light. The device is placed 
first in HEPES buffered NaCl solution and then in CaCl2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and 
contained approximately 2.5 million cells. 

After the devices are filled and sealed/ a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (ID: 0.69, OD: 1.25) is then placed over 

15 the proximal end of the fiber. A radiopaque titanium 
plug is inserted in the lumen of the silicone tether to 
act as a radiographic marker. The devices are then 
placed in 100 mm tissue culture dishes in 1.5 ml PC-1 
medium, and stored at ll^'C, in a 5% CO^ incubator for 

20 in vitro analysis and for storage until implantation. 

The encapsulated cells are then implanted 
into the human sub-arachnoid space as follows: 

Surgical Procedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 

sodium, 1 gram IV) , the patient is positioned on the 
operating table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 
30 sterily prepared and draped exposing the midline dorsal 
lumbar region from the levels of S-1 to L-1, and 
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allowing for intraoperative imaging of the lumbar spine 
with C-arm fluoroscopy- Local infiltration with 1-0% 
lidocaine is used to establish anesthesia of the skin 
as well as the periosteiam and other deep connective 
5 tissue structures down to and including the ligamentum 
flavum. 

A 3-5 cm skin incision is made in the 
parasagital plane 1-2 cm to the right or left of the 
midline and is continued down to the lumbodorsal 

10 fascia using electrocautery for hemostasis. Using, 
traditional bony landmarks including the iliac crests 
and the liambar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle is 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than SO- 
BS** with respect to the spinal cord in either the 
sagittal or transverse plane. Appropriate position of 

20 the tip of the needle is confirmed by withdrawal of 
several ml of cerebrospinal fluid (CSF) for 
preimplantation catecholamine, enkephalin, glucose, and 
protein levels and cell counts. 

The Touhy needle hub is reexamined to confirm 

25 that the opening at the tip is oriented superiorly 

(opening direction is marked by the indexing notch for 
the obturator on the needle hub) , and the guide wire is 
passed down the Iximen of the needle until it extends 4- 
5 cm into the subarachnoid space (determined by 

30 premeasuring) . Care is taken during passage of the 

wire that there is not resistance to advancement of the 
wire out of the needle and that the patient does not 
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complain of significant neurogenic symptoms, either of 
which observations might indicate misdirection of the 
guide wire and possible impending nerve root or spinal 
Cord injury. 
5 After the guide wire appears to be 

appropriately placed in the subarachnoid space, the 
Touhy needle is separately withdrawn and removed from 
the wire. The position of the wire in the midline of 
the spinal canal, anterior to the expected location of 

10 the caud equina, and without kinks or unexplainable 
bends is then confirmed with fluoroscopy. After 
removal of the Touhy needle the guide wire should be 
able to be moved freely into and out of the space with 
. only very slight resistance due to the rough surface of 

15 the wire running through the dense and fibrous 
ligamentum flavum. 

The 7 French dilator is then placed over the 
guide wire and the wire is used to direct the dilator 
as it is gently but firmly pushed through the fascia, 

20 paraspinous muscle, and ligsimentum flavum, following 
the track of the wire toward the subarachnoid space. 
Advancement of the 7 French dilator is stopped and the 
dilator removed from the wire as soon as a loss of 
resistance is detected after passing the ligamentiim 

25 flavxim. This is done in order to avoid advancing and 
manipulating this relatively rigid dilator within the 
siibarachnoid space to any significant degree. 

After the wire track is "overdilated" by the 
7 French dilator, the 6 French dilator and cannula 

30 sheath are assembled and placed over the guide wire. 
The 6 French dilator and cannula are advanced carefully 
into the subarachnoid space until the opening tip of 



wo 96/40959 



PCT/US96/09629 



- 51 - 

the cannula is positioned 7 cm within the space. As 
with the 7 French dilator, the assembled 6 French 
dilator and cannula are directed by the wire within the 
lumen of the dilator. Position within the subarachnoid 
5 space is determined by premeasuring the device and is 
grossly confirmed by fluoroscopy. Great care is taken 
with manipulation of the dilators and cannula within 
the subarachnoid space to avoid misdirection and 
possible neurologic injury. 

10 When appropriate positioning of the cannula 

is assured/ the guide wire and the 6 French dilator are 
gently removed from the lumen of the cannula in 
sequence. Depending on the patient's position on the 
operating table, CSF flow through the cannula at this 

15 point should be noticeable and may be. very brisk, 

requiring capping the cannula or very prompt placement 
of the capsule implant in order to prevent excessive 
CSF. 

The encapsulated (transformed cells) is 
20 provided in a sterile, double envelope container, 
bathed in transport medium, and fully assembled 
including a tubular silicone tether. Prior to 
implantation through the cannula and into the 
subarachnoid space, the capsule is transferred to the 
25 insertion kit tray where it is positioned in a location 
that allowed the capsule to be maintained in transport 
medium while it is grossly examined for damage or major 
defects, and while the silicone tether is trimmed, 
adjusting its length to the pusher and removing the 
30 hemaclip*^ that plugs its external end. 

The tether portion of the capsule is mounted 
onto the stainless steel pusher by inserting the small 



wo 96/40959 



PCT/US96/0962? 



- 52 - 

diameter wire portion of the pusher as the membrane 
portion of the device is carefully introduced into the 
cannula. The capsule is advanced until the tip of the 
membrane reaches a point that is 2-10 mm within the 
5 cranial tip of the cannula in the subarachnoid space. 
This placement is achieved by premeasuring the cannula 
and the capsule-tether-pusher assembly, and it assures 
that the membrane portion of the capsule is protected 
by the cannula for the entire time that it is being 

10 advanced into position. 

After the capsule is positioned within the 
cannula, the pusher is used to hold the capsule in 
position (without advancing or withdrawing) in the 
sxibarachnoid space while the cannula is completely 

15 withdrawn from over the capsule and pusher. The pusher 
is then removed from the capsule by sliding its wire 
portion out of the silicone tether. Using this method 
the final placement of the capsule is such that the 5 
cm long membrane portion of the device lay entirely 

20 within the CSF containing subarachnoid space ventral to 
the Cauda equina. It is anchored at its caudal end by 
a roughly 1-2 cm length of silicone tether that runs 
within the sxibarachnoid space before the tether exits 
through the dura and ligamentum flavum. The tether 

25 continues externally from this level through the 
paraspinous muscle and emerges from the lumbodorsal 
fascia leaving generally 10-12 cm of free tether 
material that is available for securing the device - 

CSF leakage is minimized by injecting fibrin 

30 glue (Tissel®) into the track occupied by the tether in 
the paraspinous muscle, and by firmly closing the 
superficial fascial opening of the track with a purse- 
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String suture. The free end of the tether is then 
anchored with non-absorbable suture and completely 
covered with a 2 layer closure of the skin and 
subcutaneous tissue. 
5 The patient is then transferred to the 

neurosurgical recovery area and kept at strict bed 
rest, recumbent, for 24 hours postoperatively. 
Antibiotic prophylaxis is also continued for 24 hours 
following the implantation procedure. 

10 Sequences 



The following is a summary of the sequences 





set 


forth 


in 


the Sequence Listing: 




SEQ 


ID 


NO: 


1 - 




DNA sequence of 


oligo oCNTF-003 




SEQ 


ID 


NO: 


2 - 




DNA sequence of 


oligo oIgSP-018 


15 


SEQ 


ID 


NO: 


3 - 




DNA sequence of 


IgSP-hPOMC fusion 




SEQ 


ID 


NO: 


4 - 




DNA sequence of 


IgSP-hPOMC-Z^CTH fusion 




SEQ 


ID 


NO: 


5 - 




DNA sequence of 


oligo orTH-052 




SEQ 


ID 


NO: 


6 - 




DNA sequence of 


oligo orTH-053 




SEQ 


ID 


NO: 


7 - 




DNA sequence of 


oligo orTH-054 


20 


SEQ 


ID 


NO: 


8 - 




DNA sequence of 


oligo orTH-078 




SEQ 


ID 


NO: 


9 - 




DNA sequence of 


oligo oIRES-057 




SEQ 


ID 


NO: 


10 




- DNA sequence 


of oligo obDBH-065 




SEQ 


ID 


NO; 


11 




- DNA sequence 


of oligo oIRES-bDBH-064 




SEQ 


ID 


NO: 


12 




- DNA sequence 


of oligo oIRES-bDBH-066 


25 


SEQ 


ID 


NO; 


.13 




- DNA sequence 


of oligo oIRE-068 




SEQ 


ID 


NO: 


:14 




- DNA sequence 


of oligo orTHZ^-073 




SEQ 


ID 


NO' 


:15 




- DNA sequence 


of oligo ohPOMC-IRES-069 




SEQ 


ID 


NO 


:16 




- DNA sequence 


of rTHAl-155 




SEQ 


ID 


NO 


:17 




- DNA sequence 


of rTHA+KS 


30 


SEQ 


ID 


NO 


:18 




- DNA sequence 


of rTHA-IRES-bDBH 




SEQ 


ID 


NO 


:19 




- DNA sequence 


of rTHAKS-IRES-bDBH 
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5 



SEQ 


ID 


NO: 20 




DNA 


sequence 


of oligo ohPOMC-IRES-070 


SEQ 


ID 


NO: 21 




DNA 


sequence 


of oligo oIRES-rTHA-071 


SEQ 


ID 


NO: 22 




DNA 


sequence 


of oligo orIRES-rTHA-072 


SEQ 


ID 


NO: 23 




DNA 


sequence 


of IgSP-hPOMCZlACTH-IRES- 










rTHA-IRES-bDBH-068 fusion 


SEQ 


ID 


NO: 24 




DNA 


sequence 


oIRES-074 


SEQ 


ID 


NO: 25 




DNA 


sequence 


of oligo oZeocin-077 


SEQ 


ID 


NO:26 




DNA 


sequence 


of oligo oIRES-Zeocin-075 


SEQ 


ID 


NO: 27 




DNA 


sequence 


of oligo oIRES-Zeocin-076 


SEQ 


ID 


NO: 28 




DNA 


sequence 


I gS P-hPOMCAACTH- IRES-r TfiZi 










-IRES-bDBH-IRES-Zeocin-073 


SEQ 


ID 


NO: 29 




DNA 


sequence 


of proA+KS 


SEQ 


ID 


NO: 30 




DNA 


sequence 


of IRES fragment 



Deposits 

15 RiNa/ProA/POMC/TH-IRES-DBH cells, transformed 

to produce a catecholamine, an enkephalin and an 
endorphin, as described above in the example (and in 
Table 2) , named RINa/ProA/P030/P088, have been 
deposited. The deposit was made in accordance with the 

20 Budapest Treaty and was deposited at the American Type 
Culture Collection, Rockville, Maryland, U.S.A. on June 
7, 1995. The deposit received accession number 
CRL 11921. 

The foregoing description has been for the 
25 purpose of illustration and description only. This 
description is not intended to limit the invention to 
the precise form exemplified. It is intended that the 
scope of the invention be defined by the claims 
appended hereto. 
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SEQUEKE USmG 



(1) (SXSKj WBCRKTSU: 



(i) P^JUNS: Q/tdOiecapBJSiics, lie. 



Shou Waig 
Jbel Sa^dsff 



(Ebr purposes of all 
designated states exo^ IB) 
(Ebr purposes of IB cnly) 
(Ebr purposes of XB cnl^ 



10 



15 



20 



25 



30 



(il) TniE OF IN^einCN: CELL UME 

(iii) NUMEER OF SEOBCES: 30 

(iv) (XFRESPCMQO: im€SS: 

(A) MTPFSRFF.; Janes F. Hal^, Jr./I\o: R. Elrifi 



(B) SIFEET: 1251 Ave. of the ftnecicas 

(C) cm: New York 

(D) SBflE: New York 

(E) OtNIPY: IHl 

(F) ZIP: 10020-1104 

(V) CEMEUIER FESERBLE KRi: 

(A) MEimnYEE: Elcppy disk 

(B) OQIEUIER: IBl PC caipatihle 

(C) CESaiDG SXSIEM: PC-DOS/te-DCB 

(D) SCMVffiFE: Pataitln Release #1.0, Versicn #1.30 

(Vi) aJRBENT MHZCmCN EKIA: 

(A) J\PELrC3aiCN M11EER: 

(B) ECLDG EKIE: 
(Q dASSniQ^CN: 

(vii) FRICR AEHICTOICN EKD^ 

(A) AEHICMICN NLl^R: IB 08/481,917 

(B) FELDC HOE: 07-nJlE-1995 

(Viii) MTCRfaWCENT INECRMTCN: 

(A) NPIC: Elrifi, Ivor R 

(B) REEISIBKnCN MUEER: 39,529 

(Q FEinea/DOCKEn* msER: cti-29 dP per 



(ix) TElKXMlNICKnCN INEOMOICN: 
(A) TELEHtNE: 212 596-9000 
45 (B) TEIEEPK: 212 596-9090 
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(2) INECRfiirCN RUSBQ IDND:1: 

5 (i) SEQUENCE OPWOERISnCS: 

(A) mCIH; 33 h-i.se pairs 

(B) T£^: nucleic add 

(C) sngNTFTirsS; single 
P) TOEOjCGSf: linear 

10 

(ii) lOEniE TXEE: dm 
(iii) mKJlHLTiOaii: ^D 
15 (iv) flOTI-SElBE: ND 



(vii) BMDITOE SOKE: 

(B) dflC: caJrF-003 

20 

(xi) SEOHCE EESCRIPnCN: SEQ ID ND:1: 

anHacns cisiotiJXT scaGiasoc tgt 33 

25 

(2) INECRftnCN SEQ ID ND:2: 

(i) SEXJECE CHfiWCIEKESTICS: 

(A) lENSIH: 23 base pairs 
30 (B) lYEE: nucleic acid 

(C) SIBPNCHIESS: single 

(D) lEPdaJf: linear 

(ii) tCtiniE TXEE: dm 

35 

(iii) HXPCJUEIICMj: ND 
(iv) JOTI-SEIEE: ND 

40 

(vii) IM^EDD^E SCI3RCE: 

(B) aOE: oI^SEK)18 



45 (xi) SESJECE EESCEHPriCN: SEQ ID ND:2: 



23 
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(2) INEOWKnCN KR SEQ ID ND:3: 

(i) SEXXECE CHSKOIRISnCS: 
5 (A) lENoIH: 849 base pairs 

(B) TYEE: nucleic acid 

(C) STRT^NLEDESS: single 

(D) *rCECX££Y: linear 

10 (ii) MUniE TXEE: U9i (genoidc) 

(ill) H£ECJSEri(JL: NO 
(iv) JWri-SENSE: NO 

15 

(vii) MlEDITaE SOKE: 

(B) dOE: IgSP-hEQC 

20 (ix) EEZVUKE: 

(A) MME/KEaf: 5'UIR 

(B) LXmCN: 1..43 

(ix) BEJniBE: 
25 (A) excii 

(B) LDCHTICN: 44. .89 

(ix) FEMUPE: 

(7\) ^P*^E/KESr: intrcai 

30 (B) nrmcN: 90..I68 

(ix) EETOIEE: 

(A) JPME/KEy: 3'UIR 

(B) LXmCN: SOT?.. 849 



35 



40 



45 



(ix) EEMIFE: 

(A) MWE/KESf: iniscjfeature 

(B) liXmCN: 43.. 186 

(D) OIHER INECRKEICN: /prodKtF "Ic(^ regicn" 

(ix) EETfltPE: 

(A) t¥WE/KEy: iniscjfeature 

(B) LXmCN: 187.. 806 

(D) ODER INECFWKnCN: /pra±cb== "hEQC region" 



(xi) SBSEME EESCRIPriCN: SEQ ID ND:3: 
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Qomxxnsi omrmA GKomGr cscosrccrr «3«n3«AT ajuLHiiir eo 

iTociTCTC cxaaoaaG rasmoffi Tw^^ 120 

5 

TcnoKscr auiyo cr oaotfcocr Tianncr ticibcsqqg Gic3«na3G 180 

aTiuuuuLL. msrsiJjK: gmmnc TsosGft oiiDaafiG maaaoGS 240 

10 cmO ' iLm < ' m -r j nrrax mUi-lUHl l ' ^ G3»OnSG CSGCRGCm: 300 

a3333C3C 0030333 QDSfflCSOG (J.-rj.H.U.JG OCiamiE 360 

^J^ n rr- -ffl mc acmmsff osRinwi: (.m-trnrr-; asmzjfflG aoacracr . 42o 

15 

eoaosmi cnuLUjiUG oaaKiiias TOoaa^og^ GJ3333axA GnaaGsiCT -480 

MDCDsms oDDsmc (3>GrcB3Jj3 Maxnox (noaGnc jwsGaaa: 540 

20 GUj^UJOS (3033005 grm3033 OXKmST SmamG 600 

033333033 cxsmoso Gooccio: 'lusRiom: osofflfflfiG oaaoaax eeo 

ccPOoaT G303onc (jLLTiaa a a a. Gxmum Gscasga: miuxjurr 720 

25 

laoomc asosoo: oo^mux: TOSKsmr oncTftfifiPc aiaaaacA 730 

pr?girrrn7\ (3«0«3a33 GW30SO33: A30I333X a3033OTC CJL'lUUOCfiG 840 



30 SOoDGSC 

(2) INEOMXnCN F3^ SE3Q ID tD:4: 

(i) SEXJECE OTKCIEKISnCS: 
35 (A) IEN3IH: 525 base pairs 

CB) T«E: nucleic acid 

(C) SIBTNCEllESS: singfle 

(D) TCEOOaf: linear 

40 (ii) MUEOIE lYEE: HI^ (geranic) 
(iii) HOaiHEnCSL: ND 
(iv) JWn-SEJBE: NO 



45 



849 



(vii) MEDD^ SCXKE: 
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(B) CI£NE: IgSEHSOOIOH 

(Ix) EEZOIEE: 

(A) NRE/Maf: 5'UIR 

(B) LDCmCM: 1..43 

(ix) EETOIPE: 

(A) M?*E/KEY: excn 

(B) LDCanCN: 44.. 89 

(ix) EETHIFE:: 

(A) IWE/KEY: intrcn 

(B) UnmOi: 90.. 168 

15 (ix) lEKIUE^: 

(A) NPME/I^: excn 

(B) lOSaiCN: 169. .482 

(ix) EQOIBE: 
20 (A) mE/¥E£: 3'UIR 

(B) imOICN: 483.. 525 

(ix) EE7^[URE: 

(A) ^f^C/t<Ei^: ndsc/eature 
25 (B) lOKTICN: 44.. 188 

(D) OIHER INECFMOTCN: /product^ "IgSP regicn" 

(ix) EE3aiEE: 

(A) NPME/KEiT: inisc_feature 
30 (B) imaiCN: 189.. 482 

(D) CttHER INECRKnCN: /prodUct= "hPCM: regicn" 



(xi) SagBOS lEgCRIPriCN: SEQ ID ND:4: 
35 

o a iocnCT o^joxpg^ gks cc i ct gmaiOLTi' jgyggggg gagnoasr 60 

Ta iiCl ' lCi ' lL: Q G KIGGU C lUjTiyg Qj ia?miCTC: Cag0333VA?aT(3C3G 120 

40 ■KnsDfflKH' OGrsoGT Gscjwincr Traxmcr ticdoq33 GicBmaE 180 

cmujuiij cnucxxLTC smcAWA oaaoLnac loaumA cnnnaos 240 

go a nnix : cBoaainr ansacsa; ocoamax amnnc ciosmov 300 

45 

aCT 3 CT 3 ?r GHnHHG AKK^SCS IV?yrrnrm CSCSOQSC CPCnOJJJT 360 
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ujn T irrrr. QOCOmaC mU Jj mJG GJSTTKXr OmUUGBG M£3mS£3V 420 

nf ti f i i jjf G UJLIUnL mmJSJJi laaOWGA CQXDOWG Nm3C3^ 480 

5 g^i?gnpr7y? » r j^j ru - w i crrrmrcrc aTraG3G3 TCEac 525 

(2) INEOMKnCN ECR SEQ ID ^D:5: 

(i) SEXXEN3: OffKOBRISriCS: 
10 (A) IEN3IH: 30 base pairs 

(B) nSE: nxQ-eic add 

(C) SISPNUHESS: single 

15 (ii) MTFmTF. TlfEE: cQ«^ 

(iii) ffiPODEIiaSL: ND 
(iv) JSNEI-SENSE: N3 



20 



25 



(vii) IM^ISTE SCXKE: 

(B) GLOC: orTH-052 



(xi) SEQjElCE HSCRIPnCN: SEQ ID ND:5: 

aTz»a3TG OCTOODX ftjnrMX 30 

30 (2) INEOMffKUFllSEO IDND:6: 

(i) SEOJEN3: CHN90EPISnCS: 

(A) mem: 30 base pairs 

(B) TXEE: nucleic acid 
35 (C) SHWNEEINESS: single 

(D) HOEOCGi: linear 

(ii) ManULE TJfEE: cJMV 
40 (iii) HnonEnOVL: 
(iv) JWn-SEIBE: N3 



45 (vii) 3h*M)IKIE SOKE: 

(B) dflC: orlH-053 
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(xi) SEQUEKE EE9GEUFIICII: SBQ ID ^D:6: 

a3333KDXT aiulkitm; cmKiQQcac 30 

5 

(2) INEOWKHCN KR SEQ id ND:7: 

(i) SEXJINCE CHM90IRISnCS: 

(A) I£NjIH: 30 base pairs 
10 (B) TOE: nudeic add 

(C) sngNTETNFSS: siiigle 

(D) TCEdiDGif: lixiear 

(ii) MaJEEUEE TffiE: dNfV 

15 

(iii) ffiHJlHhiTlOaj: ^D 
(iv) 7MI-SEIEE: ND 

20 

(vii) DMDIKIE SOKE: 

(B) CLOE: oniH)54 



25 (xi) SEgJEKE lESCRIPnCN: SEQ ID ^D:7: 

ODCTcmmTOGamr^ 30 

(2) INECRffiTICN F31 SEQ ID bD:8: 

30 

(i) SEUUCE CHRRfiCTEKESnCS: 

(A) I£N3IH: 33 base pairs 

(B) TXEE: nucleic acid 

(C) SIESNHINESS: single 
35 (D). ICEQLDGf: linear 

(ii) MTFniTF. TXEE: dm 

(iii) mPODEriCSL: 

40 

(iv) i»ni-SENSE: ND 



45 



(vii) IbWEDIT^ SOURCE: 

(B) OQE: orlH-078 
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(xi) SFgjFNTS DESCRIFTICN: SQQ ID ND:8: 

ojmscnc ojxnms luuLUioiTr ox 

5 (2) INH3MKEICN KR SBQ ID ND:9: 

(i) SEOJEtCE OSWCEEBISrKS: 

(A) IQGIH: 30 base pairs 

(B) TOE: nucleic add 
10 (C) SIWaSXEtESS: single 

(D) ICPOflaf: linear 

(ii) MIHULE TifltE: dm 
15 (iii) HnCttHEIiaau: KD 
(iv) iNH-SENSE: ND 



20 (vii) ItMEDIKIE SOURCE: 

(B) CLCNE: oIRES-057 



(xi) SEDGEN3: EESCKEPnCN: SED ID ND:9: 

25 

(2) INEOWKTICN KR SEQ ID KD:10: 

30 (i) SE)3IN3 CHSWOnUSnCS: 

(A) IIN3IH: 30 base pairs 

(B) TflEE: nucleic add 

(C) SIBPNCEQCSS: single 

(D) TOPOLaSf: linear 

35 

(ii) KTTFniTE TYEE: dMl 
(iii) HKEaHEnaOj: ND 
40 (iv) JNII-SENSE: ND 



(vii) IMOWE SOURCE: 

(B) Oi^E: c±£EH-065 

45 

(xi) SEXJEICE lESCBIPriCN: SEQ ID ^D:10: 



wo 96/40959 



PCT/US96/09629 



- 63 



jggo JGHii; omuncA (jxTnajx: 30 

(2) INEOMOICN KRSEQTD ND:11: 

5 

(i) SEX3UENI: OffiRflCIEKESnCS: 

(A) mdH: 30 base pairs 

(B) TXEE: nucleic acid 

(C) SggNTlTTESS: single 
10 (D) TCEOnSf: liiear 

(ii) M3LEniLE T5fEE: dm 

(iii) m KJl H LT iC aL: ND 

(iv) JNTI-SEJBE: lO 



15 



(vii) ItWEDIfilE SOKE: 
20 (B) aHE: oIBES-kiHH)64 



(xi) SQ311CE DESCRIPnCN: SEQ ID ND:11: 

25 CriUJLTOA U^GI?035 (XXXilSSTG 30 

(2) nNEOEWKnCN ECR SEQ ID ND:12: 

(i) SEXJECE CHK^OERISriCS: 
30 (A) IHGDS: 30 base pairs 

(B) TYEE: nucleic acid 

(C) SroSNrFTTESS: single 

(D) ICEQLOaf: linear 

35 (ii) MXEEULE T5fEE: dm 

(iii) K£EaaEn£PL: ND 
(iv) JNTI-SEieE: ND 



40 



45 



(vii) IMdEDDOE SOURCE: 

(B) a£NE: oIFES-bIHH)66 



(xi) SB3ENCE DESCX^IPnCN: ID N0:12: 
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(2) INEOMaiCN KR SBQ ID ND:13: 

5 (i) SEOJENI CffiRBCHRrsnCS: 

(A) IBdH: 30 base pairs 

(B) TYEE: rucleic add 

(C) sroSNITTTESS; siiigle 

(D) TCEOrgy; linear 

10 

(ii) MUniE THE: dUV 
(iii) HHDHEna^: ND 
15 (iv) JNTI-SEICE: ^D 



(vii) nWCDIKIE SOKE: 

(B) aac: oigsp-068 

20 

(Xi) SEOENX rFSTKEPnOJ; SEQ ID tO:13: 

(juuLUJua c JoiingaG 

25 

(2) INEOMYnCN KR SBQ ID ND:14: 

(i) SBQUEia: OffiRPCIBRISTICS: 

(A) I£N3IH: 25 base pairs 
30 (B) lYIE: mnlfir add 

(C) SIRPNEEIMSS: single 

(D) TCEOLaaf: linear 

(ii) M3HXILE TOE: dm 

35 

(iii) HXEOHEnCSL: ND 
(iv) JNII-SENSE: NO 

40 

(vii) IMCDDOE SOKE: 

(B) OOE: QrlHD-073 



45 (xi) SBSJENX TTTrKEPnCN; SBQ ID IC:14: 



25 
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(2) INECEtfillCN KR SQQ ID N3:15: 

(i) SEOENS OTRraSOSnCS: 

5 (A) laCIH: 30 base padrs 

(B) TffiE: nucleic acid 

(C) SIRTINEIINESS: siiigle 

(D) TDEOLaSf: liiBar 

10 (ii) MTFnTTF. TSflEE: dm 

(iii) mRJlMLTiCJOi: ND 
(iv) JNn-SENSE: ND 

15 

(vii) SfdmE SOKE: 

(B) aHE: chPCM>IRES-069 

20 

(xi) SEQUENZ EESCPIPnCN: SEQ ID ND:15; 
0 33333035 PS ^ UimX . GLIUIUJULT 30 
25 (2) INEOMaiCN KRSEQTD N0:16: 

(i) SEQUENCE CHHRBCIEE^ISriCS: 

(A) IDGIH: 1030 base pairs 

(B) TXEE: nucleic acid 
30 (C) SIRPNIHNESS: single 

(D) TOECirocy; linear 

(ii) MTrymrF T5fFE: ENA (geaxmic) 
35 (iii) IKPOrEEEICSL: ND 

(iv) MJn-SBtBE: ND 



40 (vii) IMEDINE SOURCE: 
GB) OOE: JfHB 

(ix) EETOURE: 

(A) M^E/KEIY: 5'UIR 
45 (B) liXKnCN: 1..6 



(ix) EE^aURE: 
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(A) IVMS/KEY: ewan 

(B) LDCaaKN: 7. .1017 

(ix) iEKKEE: 
5 (A) IWC/KEY: 3'Um 

(B) liDCanCN: 1018.. 1030 



(xL) SBQlENS £E9CZU7TICN: SEQ ID ND:16: 

10 

j ftO ' iMUa lOLC Kgrr angggw^ GDsroasga' tgso«3dg rommc eo 

GKXDffisr Tiomnav laumiu smoCTS ujnuuiLA osqsigm' 120 

15 (3303GJ3HC GSWOSff TJXKSOOT CUUl'llLKaT A3«33CQG TCfiBGOffllT 180 

an3CT 3IG 3 TffiEOOQC QSW^SfiSTT OdKOGSl AQSGalKIA TCIGRDXIG 240 

wmnncr MQa?m3v TOXia3333 ommos 300 

20 

aasDosiG Qznmsm oso^acToc enemas ajsosigic ouxttctig seo 

AW33m33v ciULunuLA a;ia.ij°nx Giuj.i.i.-t,Jii: tjogiou: cosKsanT 420 

25 cn33i3«3ic ' lUirriuuG umumuA loanrasr atoiubxa hieicoca 48o 

(jLTiMULM T CKI3GW3X (JLJajiUJIU C CKHjmiiT IGaSOOGr jmSOGTIG 540 

cciscjsji e mTiULUA oi ' iauuL:^ a^cKmosc 'nucMcicr qlujj±i\a 60o 

30 • 

QflC3W3WV TiaSWSCr CKXJmSIG T3033nCA CB3ia3«IT CmJL'rKKiT 660 

AftK3Q«rG GQsrasA ujLji ' im QGr Gomooc 'lUiLTiuum. cnsosnc 720 

35 atd u o u x TGiaK3G3v aumaj j j asuumb fcocpouc poj^igig iso 

(xccapcc wcfflxawc okjjPgccx gigeotig tgkdosog cnczsmac 840 

Q33Wm0^i^2naGmCIMQXICr OGCflOS^ 900 

40 

g ujumx A o oujuLB T icj ft jagc'i G gmzmc jc^oaicm (jujJiuji ' Hj 96o 

g^UJEKE MSaGm GSOOEIG G3J?CnC7C mxaRWOG 1020 

45 cTviyfl^virn 

(2) INECR«^CN ECR SEQ ID ^D:17: 
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(i) SSJJEIJOE Ct^l^PCM<I3n.CS: 

(A) lEICtlH: 1037 base pairs 

(B) lYEE: nucleic add 

5 (C) SIB7IMCEZICSS: sln^ 

P) TCEOnsy; linear 

(ii) M3m][£ TOE: im (genanic) 

10 (ill) HYtUlHL'i'lUflL: ^D 

(iv) J!Nn-£Et6E: ND 



15 (vii) IMfiDDOE SOKE: 
(B) aOE: rTHnS 

(ix) EEMIBE: 

(A) l^ME/KEY: 5'UIR 
20 (B) liXmCN: 1..13 

(ix) EE7>aiFE: 

(A) me/KEY: excn 

(B) IlXmCN: 14.. 1024 

25 

(ix) EQ^UPE: 

(A) M»fi/KE5f: 3'UIR 

(B) irXSnCN: 1025. .1037 

30 

(xi) SEDJEICE EESORIPniCN: SEQ ID ND:17: 

K^cmir ojiuji ' mx: A?ogwciG 'laaaBTiGs TogGiGicA 60 

35 cnodOoic MCK^srriG Mxicsacr osmose ctuug^xt uuickscea 120 

QsiGDaai: amsiaasv jilluusi'iq: asootox TiuKascA McsudanA 180 

jmaoTOX CTOGiaaKr jooms?^ asotket AnosfflGs 70313030x31 240 

40 

amncwc oaaciciKiG cmrnooc aoiiiUG ocdofflos GiTiimjur 300 

1CTG3«333 la amUGL T MDSmJA amOOIA (30:33303 M3K3KID3 360 

45 a m j nS d PfG omHOS Qmcnm* qjjoxgig uxiijciac 'iuiau:>:rr-, 420 

' ildftl ' mUib QX3GiaG3 ULTIULUJbT GITSCPKSSZ KXJJGnm. 'MUSmSZ 480 
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croacMcr momiuc anuxjoa^ cKEnroff omGnos aooGmcc 540 
e aiunujLT gmaaog ttoidcit ciaxasac AiiUaflcnii CT^ciLiya^ 6oo 

5 

GaXrcaSKT G«3W«nG J»»tfOCIC CPOSSHGIPC IQCjriCZOG IGaWOlCOS 660 

GOSKDSBm a^3>Ksnn3 Mdosm: TimuaiaA tiuJiujiGr cncCTm; 720 

10 AS ^ T X T u Q Ciui J CT CTOOsm: ra^ssKim axmocc ctoocsqc 780 

AOSiacsG axiKDWS jac3»«xiA cnmnGiG iTcmGicr ooacaQCTr 840 

C3«n3mr j«330«3c tdgssoa laijiaiur KKnGJSJZ cmiciaGr 900 

15 

(aftsmQC ocEEOOc luiimsv asnoaac jllujiuo^ cmaaois -960 

aacnosc Q3a3KiK3G iOGMOQCA cxEcraax omscnA GiaxKrraG iQ20 

(2) INECR«nCNECRSE]QIDND:18: 

(i) SBQUEICE CHSI?OERISriCS: 
25 (A) lEGIH: 3425 base pairs 

(B) T5flEE: nucleic add 

(C) SIRSNEEENESS: single 

(D) TOECirfXy; linear 

30 (ii) MXEEUEE TOE: IIA (gexmic) 

(iii) HXK3IIEnC2aj: ^D 
(iv) JNTI-SEIBE: ND 



35 



(vil) I^^£DIKIE SOURCE: 

(B) OQE: rOH-IRES-tiHI 

40 (ix) EEA3UFE: 

(A) l«E/KEy: 5'UIR 

(B) LXmCN: 1..6 

(ix) EEJOUBE: 
45 (Zy IWE/KEY: excn 

(B) KXTOICN: 7,. 1017 
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(ix) EET^ni^: 

(A) ^PME/KEY: intrcn 

(B) LOOOICN: 1018.. 1617 

5 (ix) EETHIFE: 

(A) mE/m: excn 

(B) KXMICN: 1618.. 3411 

(ix) EET^ItPE: 
10 (A) mWl/Ei: 3'um 

(B) lOSOICN: 3412. .3425 

(ix) EETOURE: 

(A) inisc_feature 
15 (B) lasnCN: 1025. .1617 

(D) OIHER INEO^lKriCN: /pmd3Ct-= "IFES secjjenoe" 



20 



(xi) SQJlNiZ lESCRIFriCN: SEQ IDND:18: 

a ui ' jmuj ' iimjiujiT oxM3»aA croimaM' tgso^jIG TomcoG 60 

GioccAKsr TK3 m;iiiA . TciosmG ggyom? ajnuiuiuA. cnmow 120 

25 OUSmsIC Q3«03Kr TQaGOOT QXITCmar fO^^COPCOG TGRKIMIT 180 

cnnoGiGa MDOOo:: osvatsin ujrmnissv ASS^ssmiA tsigoog 240 

j«3333cicr AranjmA la jj iuim :. aminos ALLb'muA oxeciqgaa 3oo 

30 

(j33iKn!Gssccnnnm(33a>coisca^^ 3eo 

J«330ISV L ' iUjLTiUJA . QCIGDSm: Gr332}33IC "DOGICCJX ajb'HjKlTlT 420 

35 amncic ' mjULTi u ju ujiumu A Txsjmxsr mmnm tgxkeka 480 

CdKSXUSCI OtCKSGX Q3CIGCIG3 CTSKaanGT "KHSCKIGr AJLUUUriU 540 

QCrStXXsCk C aiTiUUJLA m ' iCiUULH S gOmOSC 'IHaJgCICT G3333XICA. 600 

40 

Gons^sWi. Tjnmtcr amosiG m/iuLii'icA. cbgigs^ oujidJimui' 66o 

ff«3G«iG G33ms«v uaurmiQar g30jox luiunujm oasmoc 720 

45 ao ao u x isinG^ qxkjosic asoxmc axqc?o^ aqsgogig 780 

c? fljx TTcr Korcajwc oKEMxr GnsnoriG isscns^cpc cncMKac 840 
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AOMSft. CIMUJL'ILT 03130030: OUJ^iUIC TCIQVOTr 900 

GPcnxsno'i gcbobjxc TUftjayciG (acsoinc joccmcca G2i:iULTib seo 

5 

OmJEKT AjLMCJUJ i ' 0301X03 QXCSCXnC 'lUOUXM' 'MZDWflG 1020 

cTOToara: aai.Li.i.n . ccnwosnA oanjaMS oLLTnaaA loso 

10 Tm3JJX3S£ mumiTiU ' OMMlGrm. TITIUJILA WIG335IC m lUdUHBT 1140 

dsmaox oaRKnas oxiGicnc Tisasaji TiccEmas lumuuuur 1200 

aoaDOffiffi a«mi3W33 TC3GriOOT GI^^ 1260 

15 

lU ' iyg o^ wsoMGic iGiKisn: cmuLwox Ams^ox 00x033: 1320 

go o aox ' iL ' Hjiff^ 'T^ wwaracGT GDassflOA CTocnnvA cacaj o oa. i380 

20 ansdocc AmiuiyG TrosoTm' giq3«sgm3 ia«KK33CT aucxcMsc 1440 

GDfflOWA M333:n(m 0300333^ AMGDmC Ai'lUIMUUG AlUlVafuao 1500 

ri y- r rnrrrrr GOOOIQSIT TKXHSEGCI TSGTCQ^asr ITWftfiSOSr CT R ujjuXC 1560 

25 

osymoE GsmooiT TKurrKm pppcposm^ Ami-Tiaj oofflasoG 1620 

T3m3C3aB < t jt ' l ' f-' ' CnUL ' iUJlU AUXHJGKG CiUJOaiA (33331am' 1680 

30 oxaacG^ uluultiuul cnaaorc oraosn: OCTOsaac ocKjaGcrc; 1740 

■K033«0\. TOmMO: Q3e3^3CC AlUlRJi'iO: A33mQ3r a3333GZIC 1800 

j«333n3iG ' ituumub GflGiam; asmasKi: loaaffirx tsotosie iseo 

35 

uiujicma . CT3^3mA ajmrrac TnoasGKiG ujiuLrtjKA oasfflGsas 1920 

a^33KXKE ' i UL a^Ul A GSGS^TITC CTOCTOX 0333000 OCKUGRA 1980 

40 oaoCTGiKr: ' iUL ' ici ' iim snmnr osamGio jmraBos^ aacoaac 2040 

fyrpprrrra aDsnrwrr 0310130031 TKnosffi ft33333m; GianoaG 2100 

TXKinwA ooDcnacrr G3om333 0x33^3033 TooonacT G»m}3Q3 2160 

45 

ffli mj yg yr. ft ^ f fT rT - " " 03333003 oacjosaos pghujuoc cccdgpcssic 2220 
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OCTLKDaiS G3JUJGC (70313033 TQCH^GSIS^ OZ^GZiaX QBCBSCnC 2280 

(jumxc Kxrosncpa: caTcsmi: Mosicjms ?cmmj^ (j j . G i 'm G 2340 

5 0030003 Amui ' iULA uluuLUJUUL omcsm cmuuLUA cnamsas 2400 

0X30330 (XM^ocm gnr70333 cia»:ncr ujujiucsr GdUimr.: 2460 

T i- jj - j I i m 4: crrmam'. mrrarrar rrararrMr; ra t -i-t i ■iiT-f: rri r i Trrnr; 2520 

10 

i ir » -»->;»t t T cnamcr aurrosyv Gnncno: Amxracr osDsacra 2580 

(• r:i: > . i ij .i n. t j OTno333 cTcmmc iscnuan cilux'iujg uiunuac 2640 

15 oramo^ lutfrnuju ctigqdsdc jomxsKA ■mmox ojinus^ 2700 

j mjLLTlUJ TOCIQOnS Cg03303 GOgOGCR ( JLimiUGL: OCIgllPX - .2760 

TCMaGKrrc joocnox cicksoctc oooiso: naocoaxs q»g3IQ3k; 2820 

20 

JOGKOGS OTGQSCOS CUSSOCA (SS^ICSIQl CD0300: 2880 

0300103 MsoooDG aaGnows wmosKsr 0010301: aasoosro 2940 

25 oofflooj a m ooA oyooam goosm: 1033^0331 G333333nc 3000 

GSSnCCIOS iOSOQGIG OoKT^TOT^ GI03O7O JOIXOOC (OtOQlSG 3060 

dcsccpfOi (j.ij:i.rniu^ orniLTHj cia30«3r a-tiujoxt asrascsGS 3120 

30 

TTCWOOB «33«3ICIG O OJIUJUC (3033303 T3G3H30A GlTHiUO: 3180 

( aiiao i m Ajiijuntm omsoji G oogosao: iGPoaszrr aaaoraTC 3240 

35 lumn ci G3«303rc cKor-gjic ornmo; oasciasA t333303x 3300 

cnarKg o^ TcnroKms Gnos^oG aryojcLic a^ioxdo; amsmis 3360 

ooonns 01333333c a3iQCKm: mooosss q3»?03Cig mxsxmjG 3420 

40 

03333 3425 
(2) INEOS^TKN KR SEX2 ID )C:19: 

45 (i) SEQJEKE Cei[&>CISKISn.CS: 

(A) IQdH: 3432 base pedis 

(B) "mE: nucleic add 
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(Q SlKSnZNESS: single 
(D) TXaoaf: linear 

(ii) MTFniTF. TOE: im (genaidc) 

(iii) !CKJJlEi'lC?L: ND 

(iv) nm-aNSE: ND 



(vli) IMCDDOESaKE: 

(B) OOC: rTHlS-IEES43CEH 



(ix) EETOIFE: 
15 (A) MWE/KEX: S'UER 

(B) nXKHCN: 1..13 

(Ix) EEMIEE: 

(A) I^^MEl/I^: esicn 
20 (B) laJfflCN; 14.. 1024 

(ix) EET^JPC: 

(A) IffMEyray: intrcn 

(B) mxnaUx 1Q25..1€24 

25 

(ix) EE^mfiE: 

(A) II°ME/I^: excn 

(B) ICOmni: 1625. .3418 

30 (ix) EEKUKE: 

(A) m/Emi: 3'UIR 

(B) KXmCN: 3419.. 3432 

(ix) BEKUBE: 
35 (A) ITOE/KEY: miscjEeature 

(B) LDOOICN: 1032.. 1624 

(D) ODER INECFMRnCN: /pra±rt= "IFES sequence" 



40 (xi) SEQUENCE ECSCFIFnCN: SEQ ID NO: 19: 

msznajnz xnisssnz criUanaoj ajoswcig T333«riG3 Ao^GrsKA 60 

ajoaosic MOSGrriG Aiosacr asmoac atruaaxT 'lucnaacA 120 
45 

QES35KS33Z CXCSSJB^ WOSffTCC KHJSTIGX TlCnOSCA AOaOQalG^ 180 
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jmffinca: e mmidLtf g «3om33^ as^mtot McraaBGS Msumaxsr 240 

C30CTS«3 aaxxcMG OKima: aujcmsG amosffi cmoArr 300 

5 'P OUIUX T XDSOOA CTOMOIA CfiQZD3S?Q3 MSIGKHC 360 

cne n g yg caoDasos oOTasGzr gnome odctccrc 'luia u rn i 420 

' iia^ ' mum cmmaLG (jLTn.iuig Grnnmsz pccnGum. ncojnmsz 480 

10 

000003 MGDOIQC OXaHm'A CDGCIOXOT CSGOGnOS OOOGISCC 540 

c mui ' iULLT Gpcooepcur tiqxctgit ciauoac Anogorc cmuiams 600 

15 03X1000' a«3«KnG jffiK«:3cic oGsnsnc lULii'iiA-'iii T93«rKi33 6eo 

GOKIGranA aG«IQ333 A03«Ii: TmiQ3[Q3^ 03300051 CTICCTmS : "720 • 

jmoooG 0000001 omasm: loosrajA oxmoo: ctgcscsq^ 780 

20 

MOGIQ3G a303O3W3 MOy»CX3A 03000010 TSLTHUiUr OOfflfflGOT 840 

a«ion3x j»G30«33 ■TCTosffciA 'luxiaoiT ja03O33X raii'iLXior 900 

25 Q WrnU C 005DOOC TGQ3CariO\. OjDOSaC A333000^ OJflCOma 960 

ODOTOSG 03300303 MOOOGCA OOnQ3X CPOLPOXS^ GIOOCTfflBG 1020 

OTftKIGCZa' M3aO03X (JL -'l UiLOJlC U.IJ.LU.i:i:.T mXaHKnG 0X1 3 ^0333 1080 

30 

cnoaKDA ajjG 3 3 ioiG aiiTiuium Tmoiwrr tujuj^ski 'iujjjIltit ii40 

TO3a?gGD3 AJLUJUUG GR fflXriUjOJC lUitTlLTlG MSOOglC agG333KT 1200 

35 T ( n7 r ;|f n : QOawoSA. raaMSICr GEDSffilGIC GIQ»Q3»G OOHOOCr 1260 

OaVOOICr TOtfOOm OraiOGr M33O0OT 1320 

MO0333O HJJM Jj rCT G33333»AA GJJUJLXSm. TM^BmOC CKrm>B3C 1380 

40 

0330^0X 00103303 ' i ' iUiUm ' ib GmOTIOrG (aygmSTCA MI03OCrC 1440 

dOSOOGlA TTOSOSOS 03OO»O3V. T0333GlfflG GDOOCOOT tumaaaiC 1500 

45 Tt mJiUJ J Li (JJiim i UGR. OaOOTgC AIGIGrrDO TOgOSnaA ?mHjJvJiK 1560 

f rr rr n - f i ? ^ yrarrrrrA tijimrmL CTTlOWgtfV QPaaCTJA JOOIOOCTC 1620 
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ffcxxBSJC QQomnE ■ iUJ. i .N iui coacanoc ciosnjos oossgog leso 

ciaaanox QDcsem: cxOTcmnr cn^^ ^''^^ 
' GSG3Gia:ia38oacAanKn^ 

S8mJ33C GlOmnaS J03I3^ 

lososm: craiscxniE TC^^ 2040 

" oacsros^ Gm33m3 TOXETOn^ .2100 

20 Qcxi3«3ax: ai3wmi33 enroot 2220 

a3O3in3Ejminm:imffl03CG^^ 2280 

a2I3iaDXCDa3mOVT33in^ ^340 

" 0303103^ CKSOOM imCDOS 03^^ 2400 

C3m3aaaCETO330roi^C3m3^ 2460 

30 (min:iQ3 GcrooaxG ammnr TiK^^ 2520 

a3a39a33XG3ria:rov(3OTiciaxcxn)^^ 2580 
osmscsflr aoaaQaacr criuniy Kr c xm JGgc ikkhtig oCTSDaGX 2640 

" CTa3mi3a33IC!m3J>^^ 2700 

0303003 ainwu: inmnnA craamsc mciqcsdx imoGcrcr 2760 

40 GJJJJJJSc^(IS^>!^!CPc^^^^ 2820 

GGraGIOOlCnaaa33CAC33302OT 2880 

CDomn^c3omffiioaan3ff Grna^ 2940 

jomxincMaanOTcnoasaAC^ 3000 
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( fUr Vl Wfi AD X TGSOj «SIGIGa3r CJSOMGIG CTCDOKE OCDOOXA 3060 

□nosmc ia3«3m3 cnsKsm: luxTiaciG cTosGucr njjJxiOGr 3120 

C3«3«3nc itfomscs wdcira: cmnijc ooGficiGia: cksosgit 318o 

lUJL'iuumu uuLTOg gcr cmosms coosunc wmiciGr jmcnor 3240 

ajXKiau: m u izoasi aj^tctic aaacjsiuja: Tio j GGGrr; jGioaflias 3300 

GCTgnnij ccrsosios tckitOjIT qswcrqcdc AjjxTcacr gdxsoxsg 336o 

CDOOJ^ AjJ JLIJH JUG GXaCTUCT Q3Ca?OgC JCIOmXA JgQOCaSC 3420 

15 GP333"i3aX QC 3432 

(2) INEOMKnCN ECR SBQ ID ND:20: 

(i) SBQUEICE CHBKOERISTICS: 
20 (A) lENSM: 30 base pairs 

(B) TiflEE: nucleic acid 

(C) STRflMHNESS: sir^Le 

(D) TCHUGGy: linear 

25 (ii) MlECnrK TYES: c£N\ 

(iii) HYHJlHhTlO^: ND 
(iv) JMI-SENBE: ND 



30 



35 



(vii) MEDIftlE SOCKE: 

(B) GLOE: chPCM>IRES-070 



(xi) SEGUEICE EESCKCPnCN: SEQ ID bD:20: 

GiJJJJlJCT UXTUXOX; 30 

40 (2) INR3*MICN F3< SEQ ID ND:21: 

(i) SEQUEKZ CHSWCIERISriCS: 
(?\) lEtdH: 30 base pairs 
(B) T£E£: nucleic acid 
45 (C) SnSMEINESS: single 

(D) VSOUysC: linear 
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(ii) MZHUE TOG: ciNV 
(iii) HffiOIHEriCaL: ND 
5 (iv) WnrSEt^: ^D 



(vii) ItMDIMESCIKE: 

(B) CL£NE: oIPES-nHI>071 

10 

(xL) SEQGEia: lESCEIPriCN: SEIQ H) ^D:21: 

(3»n3^nE AijansriG iQaofflQcrr -30 

15 

(2) imimriQi KRSEQJD ND:22: 

(i) SEXJINCE affiR?cnRisncs: 

(A) IINSIH: 30 base pairs 
20 (B) TffE: nucleic acid 

(C) SIBRMTT1E5S; single 

(D) TOEOLOGY: linear 

(ii) MXEEXJEE TXEE: dm 

25 

(iii) HfPOIHEriCMj: ND 
(iv) arn-SElBE: ND 

30 

(vii) m^DIPSE 90UFCE: 

(B) CUaE: o]PES-rTOD-072 



35 (xi) SEXXINCE EESCRIPriCN: SEQ ID ND:22: 

criuuLX MV ojmsKxc auji'iax A 30 

(2) INEOMSnCN KR SEQ ID ^D:23: 

40 

(i) SEX3LEKE CHRRPCm^ISTICS: 

(A) lENoQi: 4499 base pairs 

(B) TSfEE: nucleic acid 

(C) SHWCEIlsESS: single 
45 (D) TCBlfXar: lixiaar 

(ii) MIEniLE TflEE: EMV (genanic) 
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(iii) ffiPOIHEriCaL: ^D 
(iv) HHnrSEtES:: ND 



(vil) IMMEDI?^ SCXKE: 

IB) dHE: porc-thrddh fusion 

10 (ix) BEKIUPE: 

(A) ITOC/KEY: 5'UIR 

(B) irXXnOi: 1..43 

(ix) EET^HJFE: 
15 (A) fFME/KEY: excn 

(B) HIsnCN: 44. ,89 

(ix) BETOIBE: 

(A) l«WE/KEy: intrcn 
20 (B) LDCTfllCN: 90. ,168 

(ix) EERKEE: 

(A) NPME/KEY: @Q2n 

(B) liXmCN: 169.. 482 

25 

(ix) fETOUPE: 

(A) IWE/!^: introi 

(B) liXmCN: 483. .1080 

30 (ix) EETOUPE: 

(A) l^PMEypEif: excn 

(B) KCATICN: 1081.. 2091 

(ix) EEKIURE: 
35 (A) MWE/ray: intrcn 

(B) KDOIQI: 2092.. 2691 

(ix) EEAKI^: 

(A) MWE/KEY: excn 
40 (B) lamCN: 2692.. 4485 

(ix) EETOURE: 

(A) M*E/KEy: 3'UIR 

(B) liXmCN: 4486.. 4499 

45 



(xi) SEOEME EE3CRIPnCN: SEQ ID ND:23: 
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60 



( SJHTX TTW OOOXraSV GKGO^Gr Q033K]Crr JOMQfflKT GJCCSOBSH 

TTOCTiCTic auama G roGTPon; trm333Zic oagcroxAifflcnGm; 120 

5 

TOCKEfwo cimyo CT a33«iacr Tnirmcr ticerc3033 gomtoss 180 

r i'i' i" "-i-^ ' a ' iumjUa oGnnwA oasmGRc loirBGDSi aomaos 240 

10 GPCKE33JI: OS mjUUCT CDLimy Oj Ga33G33X cCTGxaac ciGagacA 300 

fffuj -n vr-ir oajnisG i^sMsos MaanriA cMsaos^ acnoGGzr 360 

t Jirr m rr aURMSC AMCQuffiDS QDGGITKKr (aCdCOSG N^^CCCKS^ 420 

15 

( r -f m- n- j^ T smnGITC AWfiKODCA imCMaA MmCTCT • 4S0 

(smgms cimmoj ' iun>.n:i,t:: cccccimE •maxsocos mimriG . '540 

20 QMSEBM3X (JaiUlULUIT 'lUlLTftiBflG TJJKlTnitA OCJOBCriQX GlLTiTiUiJ 600 

MDSismj cnna?tfo: mjJCJCT ai c TicncKm oaaTcciK; (jmiaTiu, 66o 

uauiULjjLA riasmiJi j muib T iG a?a!Gio5ra\ MaggaCT 'iix'iaua?v 720 

25 

(jji ' iLTHJA A. GPcm^m: GiciGnma AjjumoA Q33m33\A omxMcr 780 

arsQGsr ojjoubj a3w«iEA cGiGi7sm?c nkkjissz manssji 840 

30 C2»cm3cr ajmjanui ' genoaiA GrroiGsm G^jicaR?m3 (ouoto 900 

Aj jomi ' iLA iogmiu (3^?^3aiGX oovmx: cnKnGmi ajwfjsxs^ 960 

C TOGnTO C C G IGJOaG CTTITOaEr GrrDGTOGR GSTDffiWfflA a3ICIBQ3X 1020 

35 

ara3«XA a33330SIG UrmULTlT OWftBOOS ATGKDfflQCr TOXZOfflCC 1080 

aiumujLLT (jji ' iuuLitf g mfCJisroa GR?fliG30v jciGiCTOCA cr iiLTiaa: ii40 

40 pfGrmscc aGKicioA eEraaoa^ engmcr cKaccaGsr GmacojcsG 1200 

asToasso: KSflToa^ g ^ ' imjrii: cTcajoso: Mssioyia: Mnaxno' 1260 

GuasfflaKA a^answA otdctcc laawasffi •raraiGicsc GZKSBGaE 1320 

45 

cjL T mumA uimuujuj onasMOc crasmnr rocj^rro gswcqsdc 1380 
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TGRnmc QonscG cmnxx oosaaB TGiajGXTr cmaKsc 1440 

om .T Ujj r ' immuoa aumm: QjiCTOsr u.ij.t.Uj'iia. Tmcmr isoo 

5 AaOSIO 'l U!j;j l jj lU''l' THMISJCC CPGH^nWCC aXMQXIC CICBCCIKIG 1560 

c ai ' iumu Aim303 ctoctsg ciGnmsc MGcmKr Grnioac iffio 

anaoTiG cnsmcic acMsoar GScriQsvr ciL'n.4.4ji.4.i; cJcstansA 168O 

10 

QAKTIGATV i^TOdOTC OiiUmjIUa TlUlliUiUi Mna333:T mGimCPC 1740 

jsomasn: Tscmnm Tssiasm; ciuligxtt cEumacA qzkckijc isoo 

15 noccssinG fcsusjiui asiociaGX ttigbdccbg joogso: tgssjgjx .. i860 

TKZ3^»3nC QCCTSSGnC TT RaCTXIS TJOXOtf^ 1920 

cpcmscuck G3»ciKn33 ciauajflc amnm' TcosDaA GmamE ' i980 

20 ' 

dT^nCSOar iOGSOGC TOCTODXTC Ci'lUaAG333 2040 

GicCTGsgG ACTOJOC cuiumjc (mriiatiLiHj ocKrmGcm pnr33<n>as 2100 

25 jflajjLijxT auLL'iuux ccccccim: Grnoaax (a?u.uj.Tr ospimusz 2160 

uo^iujuxa ' TiGiciTflM' yrmiTi'io: M3iKna: asicrrrnB c3«rGnaQG 2220 

axjHftPC cm j j UL' i GT cTKmsos pccKnccrk oossicrnc ariciim 2280 

30 

mEsmn Pfcsnorsn: c^sghosig msmic TmuiGSVMzricriG^. 2340 

fl30ggoft ojiau iKr: g urmuL: imsmaav jgnracc tg333CTG3 2400 

35 lUrilJlUJL} Q33ftflMX OOKXOG CKgfjJ.U-t : PCN^aJUG 2460 

TGjgnsriG ' iij^^ ' iULatf r AjiiuiULm as^io^ gll 'iu i ujic jgrnaaric 2S20 

TS«33SKi: Cm3«33IA Oim'lGJA TQ33aOGA 'lL'lUjJJJi:T 2580 

40 

Tir oiTi^ aiG ' im ' i ' mjiUj lasnPfffA HXjrcn>a3z auxsgg: 2640 



MaoascGr GsrrnacTr TosffiSKx: oasmwo:: TKHscjyc cTOJsiscoac 2700 

45 Jm3333IQ3 UULaiL ' i ' iULT QSKMCCIC UlUJL'ilOC lOSmanC (JXlLLUiJ:: 2760 

ommrr ' iuultiua aaoacnciG csmraos osmnasv cuiuiUJiULi 2820 
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AflcsKMzr omocnc ' i ' iLmjL. ' HJL: 'iUaiujjjiA QirafflGszr 2880 

UilUIUUlUl ' TIG3GKPGiIC G3C33K333 OmgaSl imoaCTT (jblULaiUJIli: 2940 

5 

l li J J P C D Sni (333C33J3Z CrMJiTiQ3j SflGXKg^ GICTCiaS^ G333JLCiTC 3000 

CKETOSCr CCC2mfl3^ TiaOMITr C1Q33Q33C K3^330X AmUJJIU 3060 

10 miauaur roggmr Tmuma ix TCTomiAioacmrr eaaaaoac 3120 

GSSmSTX AUmalUIA lUj Kn UL' I b GKISOXCC 'iU-U.JlU'J:T QSOOlKIC 3180 

itfOOOCDS tdul ' lULX TC Q333JSC33G PCSBSSJXC IXSaX^KUZ QUWJJX 3240 

15 . 

Najnucc lusimm amnax Moggmr oimnm osicocaac 33oo 

ocnnmE wsmaaA crasraaK: aomsG:: n:r.r.i3.7mi; a'iu■t■l■l:r^^ . 3360 

20 amoflos TcaiGPOaR. ojjLMUa 'i c jmaooajv adgrg333CT oaGacCTc 3420 

MQsmcr 'in^ :;ii-»t^ ' cj ju Lm j nL: omOTX axTcncRG 0333x00: 3480 

(3oca«A TS«332rA GomcT^: ' I ' laumc MGiocrax osxraaax 3540 

25 

CIQ33D3XAM33CTITmCTm3GC(3««^ 3600 

•ROJU gg T FJ T Cr r^TT G3^?^3nCZC IKXTOWXI (3035100' iWCSQ33J3G 3660 

30 <» j i J X'i t r T ooassmxE ccigdcdc Toman: 'iu,i.4j.i.4.:n' ccplumu:. 3720 

MOOOS^ t • m r. GnamXJZ GIQOGSCEA IXIXUXCOl QSOmir 3780 

' noaUL/RA r -r J 'ra fn- ; C3m30«3 lG3m30: 'iUi.M.lUr amOGX 3840 

35 

OTKKsacT G:ncoocs cKcrsms aras^oGr gsicscsgig 3900 

( TT- rj -ryrry; MasoHssi somsoc gii3«3G3s jowccscm, oGHsac 3960 

40 TKnosoi "KmsaGrr (3«3«33ic Giuicnauc pcccossg*^ oskockic 4020 

AUiU ' iUuft , cKDOcm: a3«3m33 AjLLHi-t'jrA ULJ^i^■^■^an;^:1 ctiualmc 4080 

crasmev imuLXaum cikigiq3c •DcraDoox iooaaorr oaancrx 4i40 

45 

M^aaaro Tosmnos cncoasc j«3Dcna: orrosnaA cbqstkbbc 4200 
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im3«3W3 TCiQcraG oxiXTynrr; icroiaxiG Momro: ciULUiim; 426o 

lOSSOCEr TGRfmilA GLiiULlU^ UXUIGiaCE (JjnUiKE CTaCKEJOG 4320 

5 ao33«A ajiLUiim: cmuuLcni: omaosgr osggaaacA c mr iaxT 4380 

CSGKKBIGr aT ^jl ' miA MSPGJJjPOZ (IJiUOaX am3m3V GXTCSfflOC 4440 

ujiHJj i aix: comaocr qsosdsgt amrz«H3 g3is«i3ig oj,i:rj:i:iT: 4499 

(2) INECHMTCN RIl SED ID ND:24: 



10 



(i) sEQUEyns ai5«aHRisrics: 

(A) UENalH: 30 base pairs 

15 (B) TYEE: nucleic acLd 

(C) STOMCEINESS: single 

(D) TCEOifTy: linear 



20 



25 



(ii) MIFTTIF. T^: dOJPi 
(iii) ISHJihhTia^: ND 
(iv) JMI-SEieE: NO 



(vii) IMCDIZaE SOKE: 

(B) OQE: oIBES-074 



30 (xi) SEQUEICE EESCRIPnCN: SEQ IDND:24: 

j«mm}3 cra:3cicjx 'iujjjjm:r,: 30 

(2) INEOMffilCN ER SBQ ID ND:25: 

35 

(i) SEXJHIE OffiRSCIERISriCS: 

(A) UEZCIH: 30 base pairs 

(B) THE: nucleic acid 

(C) SJSMJTFIWSS: single 
40 P) TCPgOGy; linear 

(ii) MIBGULE TYEE: dm 

(iii) HnanETiczai: N3 

45 

(iv) JNTI-SEIEE: ND 
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(vii) ^^MDIKIE SOKE: 

(B) CI£IE: oZecxniH)77 

5 

(xi) SEXJEtCE EESCRIPnCN: SBQ ID 10:25: 
PNCrOSPGJ! CPULUJMX CCTOQaiSC 
10 (2) INEC»«nCN R31 SEQ ID ND:26: 

(i) SEXJJENi: OKKCIERISncS: 

(A) IBdH:. 30 base paixs 

(B) TXEE: nudeic acid 
15 (C) SIKMEIMSS: single 

(D) TCKIfry: linear 

(ii) MIEniE TXEE: dm 
20 (iii) H5fKJlHh:riCKL: ND 
(iv) JWn-SEIBE: ND 



25 (Vii) D^EDIsaE SOKE: 

(B) OQE: 0IEES-Zeocinr075 



(xi) aSOMCE lEErraPnCN; SEQ ID ND:26: 

30 

GSDCTSCrrS GCXKIQSCIG TO33WQCTr 

(2) INEOMffilCN KR SEC ID ND:27: 

35 (i) SECLECE affiRWZIEEasnC3: 

CA) IQGIH: 30 base pairs 

(B) TSffE: nucleic acid 

(C) snffiNEEENESS: single 

(D) TCPCUDOf: linear 

40 

(ii) mimE THE: dm 
(iii) mPODEriCSL: ND 
45 (iv) JWn-SENSE: ND 
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10 



20 



(vii) I^«£ca2aE source: 

(B) CI£1E: oIFES-ZeociiH)76 



(xi) aXJENCE HSCRIPnCN: SEO ID ND:27: 

c ri UJJ CPA o m u jji m GnCTCogr 30 

(2) INECRATIjCN KR SEQ id ND:28: 



(i) SEQXMCB OSBTOERIsriCS: 
' (A) IEN3IH: 5540 base pairs 

(B) lYEE: nucleic acid 

(C) STOBNTEITESS: sixigle 
15 P) TOEdOGr: linear 

(ii) M3LBCIJIE TOE: im (gercinic) 

(iii) ffiiUlHbri'lCM-: ND 

(iv) JMI-SEXGC: ND 



(vii) IbMECIKIE SOKE: 
25 (B) CI£NE: PCMIFOH-IE^IHI>3IES-IB^ 

(ix) EEfOTJPE: 

(A) N»E/KEY: 5'UIR 

(B) KEKTICN: 1-.118 

30 

(ix) EE?aUPE: 

(A) l^*E/KEir: excn 

(B) imOICN: 119.. 164 

35 (ix) BEJKIUPE: 

(A) NPME/KEiT: intrcn 

(B) lOCMICN: 165. .243 

(ix) EEMURE: 
40 (A) N»£/KEY: eKcn 

(B) LXraiCN: 244. ,557 

(ix) EEKKFE: 

(A) IWE/KEY: intrcn 
45 (B) KXSOICN: 558.. 1155 

(ix) 
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(A) H'tC/KESf: excn 

(B) lOOmiCN: 1156. .2166 

(ix) 

5 (A) NWC/KEY: intrcn 

(B) laanCN: 21^7. .2766 

(ix) fERHFC: 

(A) NPME/KEar: excn 

10 (B) LXmCN: 27^7.. 4560 

(ix) iES^aUFC: 

(A) W^iE/lfEi: intzcn 

(B) LDCTfllCN: 4561.. 5159 

15 

(ix) £E?niBE: 

(A) €9031 

(B) KX^nCM: 5160.. 5534 

20 (ix) £E?lIIFE: 

(A) »PME/KE2f: 3'UIR 

(B) HXKTICN: 5535.. 5540 



25 (xi) SBSINZ lESCRIPriCN: SEQ ID N0:28: 

ffmrosm, oimiujGi Mcnofgr A?mm3x ajiuiujiuj PKncsocpc 60 

Ag mXKKA 0033333: (HJaKMX CHO^CSOSi "KETDORr 120 

30 

(3»SK33a: ' iumi ' imu r TCnanao' qs^oqsit AsasraMS (iciULOWG lao 

laOCAAJOT QfrnSROT AR?OCIGIG A303im lOOnQX maTlUm 240 

35 offlaaanaA ' nujjji ' nc (mmiu: c aju G flG ir offigmsBG a^oaax 300 

Ajjjftjmj a3=m3^ umm os ojx i gxs ^ rommA gaamaGs 36o 

a33nnQm Cnij P?-???? a230«3«. G30aG33: 420 



40 

■».^Jx.^';j('| T (it .f i t ^.i.1.1 ' «3inmA A230«3DG CUmmST TlLmWtJLT 480 

a33o?ms cryg ynrc cussinasz TcnoAWft. cnrjooac ajokhtt 540 

45 A3«3«333 oEsos^ omnm: anuiuuur uj.Lu.r.M:i.: masrucr eoo 

ggjBgfflx GsnGazmi j yjuuaG i G r (jmrnijicr AaMGnCTr TioCTaaiA 66o 
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TiuumiuiT Tssssmsr gmpms fflacoGsx cimunuiT caoagaiT 720 

ccgm33ic Ti ' iujx ' iUi ' cm3ffl?m^MaaRGaic TGnggoGr aaxaBQaft, 780 

5 

assfccooc a u:i\jjj^ a>Bsi!OocicT!oooB^^ 900 
10 QcnsTtfff^ aisjtiiu: (jjijixujc cnuiu^T Q3^o>GnGr ggtwo^gic 960 

jg ffliuiJicr coovvsGsr AnoyoKs umia g^ imm;^ G3i7mi3g 1020 

TGDflQ33a: atMuiuij gcckhsixsz pcpmccmh oflGiGiTiA. uiuaLUi'm 108O 

15 

mmxsuci: urnxnu^ jsmnms ai auii ' m ' ccmsmi iooaaxar .1140 

eaymoasr amuini: aK^aBR?c TGimsgaT GsoggiCT 1200 

20 cicutxnjoG lamtfOT T3m:3xaT ciQG?onQG pccpojjsjG cndcuac 126O 

O^^SIGI?^ GDCMDSIOS Q^PCCTSiri CCPGPCSinG CL'I'KOGIA aWQCKX33r 1320 

GiW33«nC 01300103^ OtfOOOTC OSCCIQSft. Q3RQ3IKIKr 1380 

25 

Giomna\ Aaim cm TGCPmar ojL ' iuuuGLj G jfrnmoa^ G3jrnaaG i440 

CTOQ38C GoDOGiaS CDmSQG C3003aCC OOGZDGSl GSUjTGKX: 1500 

30 (j Lunu n uft. A3sm3ac ■iulltiluc oGJsmE -Kirmgicr iOGKmr 1560 

ujUjfli ' iTnj lujjadcr G3xncm: Giumu«r amnciA "raKmor I620 

QxrcEKSc a mmaTC Moamxa qctoogx MsmuxT oasooGiA 1680 

35 

OOTGrras cn3mi3C aitiuuluc TiciaxsQS iooroso' TQ3aciciE 1740 

aaaoxioG KD3«3»Kr losswoc injvjjJXai /oasnoc TGiGSfflTic isoo 

40 G3ZJHIGIA«OggaG3 GggJGRflG (JJl ' mUjUj O^J J LLTCLT (JlLTHriaC 1860 

QSOGZKE ' iUJOGCC r GK30«33G COSOSKC CSnrTTKA CCCSfflCSCA 1920 

GCT ^ i oiu; AjJoc iMCAAaaoggn: mrTgOG luiwL'iTHai' GKnaaGC i980 

45 

TK3ffiD303 a3y^330A GnC7^33«: 'UmiLTCIC GUflCOmS ULLAl'ICTCT 2040 
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GDSfflGrriG HXXXS POC JOQQXKPT 30313033 ^CSGGOTKA C3O3fl03G 2100 

qj^ ' KJjnW M3333KIA GSOSGCIG 0001303 COOPCByCT CSGIGCTTT 2160 

5 MZiTwaa: adosoois uuLauur 'lamjuiu:: cmM3n?c luujmgg: 2220 

aacnosftT TSGanssiG loasnTGic T3aKiGn7ff 'muxno' ai'iuxgdct 228O 

TiTOQcaMG nsoaaaais (sswedgx ujimunui' TsnaQCM TCTmasr 2340 

10 

aTiuuLUU T33ciaA?^ fflroeaMoT cssnsmB Tusus^GSi fojcmccr 2400 

CnOWSOlWOSCSO GI^^ 2460 

15 aararo AsmoocT c3Ga3mA«m303iG T3m»^^ 2520 

QDoaaow: eo ajiuiA osnGiGKsr n33a?cnG los^osr caRKiaiic 2580 

nocKJfOJS TKnnta^i oaaxisvc GramxTOi fcsnajx^ TiTijiAioQSv 2640 

20 

iciGKoai ajx'iCH3G ooaccriT joaGiGnr ahusgjIt jftAnnfiOaic 2700 

mamnr osmmas csmu^m' lULi'niwTA womatA iJffiGCTax 2760 

25 KssmoCT Minmc oju.!.! urn: TiojiumcA lojuaox losoaaG 2820 

( jjj -n mj ' . ' R : : omn^s^ cuxtkux rniTOffir ciciGsm: gjoaaacc 2880 

ciosmGr onnajoT ocoKracB czoscra icumccA ozicnasKS 2940 

30 • 

CG33mQV j mAijG i CT cjL ' lumuLb MGiaaGgo: ggaaasj oaggggj 3000 

(3 0 ' iUjiUa lUjiuRm: Tsoa33^ QaasCTO TKHSflg: ciuafjKgc 3oeo 

35 OG«B33C AJb' I ULXL T GSOCPgC j ^TlUiUUb G33maG3 3120 

ATO3^3«3 (jX T U m X T UJiLTiCftM PCOCCrmG OCECKmC 3180 

Tjonnaos lascnjc umuumu (juamu GKr ii oaggsv atjujiujUa 3240 

40 

T oaiaog gr lumci fac APcnHnG ooc3333l: TO3G033r dJUJKLHj 3300 

loin^ax oamoDX ooasom: aacmosv caiumaxc 3360 

45 gDsmcc ' iLmmjuub coajou: pujocrcsr (jjmjjLuc aamuub 3420 

smazncc cra33C303^ ooosiaaG miaaDD3v nossnum. G333»craG 3480 
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TICRPn333L' CCIGI30C GAK3)3XS?!G 

S 

CS330J3CCI (j j j r y iT ?" -? ? CniSM3X 

10 GKamzog a.u:43:m?v cnrimax 

LLLTlUaAOa UGia3'.?aOff GSnnOBX 

0033030^ aaxnrosr CEinms; 

15 

j^ moaiA 00331033 omaoax 

20 OOTOQX QOCi'iUA QSO^IQH: 

GasOjiQc: lo^aonnc tixiposipc 
.( AiidUJi TO Qsg cc naav GSgOGiG: 

25 

CKinos^: TCiG3sm3 cnnnos^ 

GIO^TOGSr TCAZOmSV G3\?OuDX 

30 ' mujL ' ium " Kmnx i s iA auLTio gc 

OTOJCTVICT CDOGSOG G^TOGuTX 
(jaaJGOOX T3XIGK3n' OoDalCCSGS 

35 

AajgQXTC JOmXTJX CSUCCCPCC 
KX3H0B3D3S (J J T J J T i rJT Cr i Ti n T ICn" 
40 MHtaSJOG tiiUiULIil'lT GiciKraiGr 

ADsiomr caisAnxT ujjuL'iuiur 
auom ft. JoaKiamR. cjmum'HA 

45 

LTici'iijf^ io?^?oyo3 icrsDms^ 
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oaujGUCTc 


3540 




OBIOCalG 


3600 


TmPCIKC OOGStf^ 




3660 




ovxnsciG 


3720 




iuljlouljll; 


3780 






3840 


1303C?n33 ACT^TOO:?^ 


CaL033X 


3900 




0^03333303 


■ 3960 


coiasoc /gflosisA 


0^GQ3O?C; 


'4(320 




IGIOCSQ033 


4080 






4140 






4200 


CLTOGCno: Ta30«3IA 


cTiuamc 


4260 




CD3IGSQlSG 


4320 






4380 






4440 




GXZZXTGX 


4500 


GIGUSWCV "10^3103333 


OmUL'lU^ 


4560 






4620 


wmuufic oasnocas 




4680 


TCnocsG oflicnroos 




4740 


Aiorusixm asvmciT 




4800 




CnCPuSCCTG 


4860 
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(SXS^J^SjIG OJrC^^ 4920 

i mjjM^Vy comiGiG r uniu mG TKsrasfflKS Msnms ciaujicAA 4980 

5 GDSKTKJyV a^M33I3G M33^0!33JZ KSfOSEPCC CnaTGDOG QGKOSflC 5040 

TOTj ax T Tj;^ CTaaoati; TnToaciG ttbocjs^ GrraRfiRKc GicraoaiE sioo 
aiiaft33C asssoaKB TmccrriG i^fffousi tisnmccti qd30«[ia sieo 

10 

THumsn c3mo3X GTiujxia: TomnrG cGfmaax osmasias S220 
. MEoasc osmaanc Gmcia x Gaamcnr csgmsosc TiumijiG 528o 

15 T 3? n xm7\ (33n3IGKE ClUriUULA GJGGGGICDV QSCnGSIG GIQCnjaCA 5340 
A3m3Q3C ri r jj . M t , nff^; GmjjJ?:-^^"^"- TOSOMCT T33ICXiaQ3 5400 

TO3K3ICDC c3»crKm3 g mjjium oaoCTcna' csmsooc QaaaocsG: 54eo 

20 

rCTvtrr a - r f ; asfmoax CKmxSCE Ca3II33C7A aQC33IGC3C TlUJiUiUb 5520 
MfflGCaOSl CD30a3C 5540 
25 (2) INEITMCTICN ECR SEQ ID ^D:29: 

(i) SEGENCE CHREWCIERISnCS: 

(A) IBdH: 829 base pairs 

(B) TYHE: nrleic acid 
30 (C) sroaNrnTFSS; single 

(D) TCmjDGif; linear 

(ii) MIBCULE THE: EMV (geranic) 
35 (iii) HSfPODEnaL: ND 
(iv) JNTI-SENSE: ^D 



40 (vii) MCDIKIE SCXKE: 
©) OINE: EcoMG 

(ix) EEKUPE: 

(A) MME/KEy: 5'UIR 
45 (B) lamQI: 1..16 

(ix) EEKUBE: 



wo 96/40959 



PCT/US96/09629 



- 89 - 



(A) mEA^: exai 

(B) LDCMICN: 17.. 820 

(ix) EB^jRE: 

5 (A) mE/m: 3'UIR 

(B) I£X3VnCN: 821.. 829 



(xi) SEgJEKE £E9CPIFnCN: 3tQ ID ND:29: 

10 

arpfoonc grKmos oamj i ' i o: ! ' go ^ ' mo: JcnGacrG: 'lui'iuLaoas 60 
(jj jmmj i c cum-ffl Ti t o. i .4.-hti?v JOGgm^G carmi m agmLaoim 120 

15 <» M_n' iOL-r |t T Mj M nrm MOCTSOT CJdUXTKC GlMIQ3«r GK3«03IM 180 
AJlUUriLT C3a«»ffinT Q33¥«0CIG C7«3S>QCIC CKOLL'IGT 240 

GOTnnoA csaaasoA Gsm^oG A3W»aM3 300 
20 . 

(3:37)033^ jnSD^IQSGS GCnCZaQ^ 360 

iQ u:nw ocnaos^ oogogov q3xmig3^ joxasna: loaxaBgE 420 

25 00003393: Tiam?»3l J03^IG:2^ 030303^ lUOULLILA AITXIGBS^ 480 

OmrCKE JWOC333\ OmiS^ aSUmXC MCSGSflOG 540 

a03flMr (303S^S2^ TC3^I3^<5^ OTflOaaa^ 600 
30 

N uuxim . crosgggiG aazov'ggv (3Csocpa>fc aamiG333 a;i'iLmmG eeo 

ATicadSGsr uLjjuLJ g^ asiQsoQsv cmx2om aasuoos^ Gmcosft. 720 

35 axjJiTiuuL g mjiL ' iu:: ULiumo m ;o?mim AjriRJiOA jgogGncc 780 

iGssnGsyv jtfsvvs^EKC (3>CENrnKr soaTn7\A osanzss 829 

(2) INEOMOiai KRSEQTD ^D:30: 

40 

(i) SE13I1CE cHSRKnnnsncs: 

(A) mciH: 598 base pairs 

(B) TfEE: nucleic add 

(C) SngNmTESS: single 
45 (D) TXJBJDSi: linear 

(ii) tCLHUE "niE: IMA. (genmc) 
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(ill) KeEoaEnnoj: nd 

(iv) JWEI-aNSE: ND 

5 

(vil) IMCSDOE source:: 

(B) dOC: IFE5 seqpaioe 

10 (ix) FEKIXJE: 

(A) WiEAfSX: intrcn 

(B) liXmCN: 1..598 

15 (xi) SEOQCE CESCRIFIIiCN: SEQ ID ND:X: 

gganoggr: gjiL ' mou au. i . i j. » .i..T mxsnicsG ojjgggiG cmaajaA. .60 

M.» t r .i; 'n- , 'n- 4 miTlUiCm . TMUi'mi'iT •KEKIKIKr 'iU.a-ilUm' Ta33«IGIG 120 

20 

M ^j - j -fi-i T A zavT'irrrnr ■ njiLTiLTiu MaQamc oMaasirr Tiimjiuiu iso 

aXW«33A Ta3«33ICr GnC3«IGIC Gn3»Q3»G CSLSi'lULlCr QGRPGCncr 240 

25 ia«30»A CTSaSKnET imsm^T 03^^ 300 

AmULULT GJ33JNfA UUL A JblCaA T?gOa?CTC CIGCa?gQ3C GaaPgOX 360 

a WXt CE TIUHA ji' ib GmmCIG C3«?«30CA MKOITCIC CK3«S33]A 420 

30 

TinW3«E aOS^IA TO3X2«3^ GDrnXSOT GDaQOSOC T3flCr3333 480 

uL ' iamuj v oagjna: ADarsnm; wsusttpr. fmcGucm. (33jma3\. 540 
35 ia3€3333i uiiuji ' mL; cmsggm cM3CTam imroCTc mxmxiB 598 
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WE CLAIM; 

1. A cell stably transformed to produce at 
least one analgesic compound from each of the groups 
consisting of endorphins / enkephalins, and 
catecholamines . 

2. The cell of claim 1, wherein the 
endorphin is fi-endorphin. 

3. The cell of claim 1, wherein the 
enkephalin is met-enkephalin, 

4. The cell of claim 1, wherein the 
catecholamine is norepinephrine or epinephrine, 

5. The cell of any one of claims 1-4 
wherein the cell is a RIN cell. 

6. The cell of any one of claims 1-4 
wherein the cell is an AtT-20 cell. 

7. The cell of any one of claims 1-6 
wherein the cell additionally produces a compound 
selected from the group consisting of galanin, 
somatostatin, neuropeptide Y, neurotensin, or 
cholecystokinin . 

8. A cell transformed with a DNA encoding 
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA 
encoding ProA, each DNA molecule operably linked to an 
expression control sequence. 
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9. The cell of claim 8 wherein the cell is 
transformed with pCEP4-POMC-030, pcDNA3-hproA+KS-091, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

10 • The cell of claim 8 wherein the cell is 
transformed with pCEP4-h POMC-ZiACTH-032, pBS-CMV-proA, 
and pZeo-pCMV-rTHAKS-IRES"bDBH-088 . 

11. The cell of claim 8 wherein the cell is 
transformed with pcDNA3-hP0MCDACTH-IRES-rTHD-IRES-bDBH- 
IRES-Zeocin-073 and pcDNA3-proA+KS-091 . 

12. A transformed cell producing at least 
one enkephalin, one endorphin and one catecholamine, 
wherein the cell is transformed with: 

a first vector containing a DNA encoding 
POMC operably linked to an expression control sequence, 

a second vector containing a DNA 
encoding pro-enkephalin A operably linked to an 
expression control sequence, 

a third vector containing a DNA encoding 
TH operably linked to an expression control sequence 
and a DNA encoding dopamine beta hydroxylase operably 
linked to an expression control sequence. 

13. A method for treating pain comprising 
implanting at an implantation site in a patient a 
therapeutically effective number of the cells of any of 
claims 1-12. 
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14. The method of claim 13 wherein the cells 
are encapsulated in a semi -permeable membrane to form a 
bioartificial organ. 

15, The method of claim 14 wherein the 
bioartificial organ is immunoisolatory. 

16 • The method of any one of claims 13-15 
wherein the implantation site is the CNS. 

17. The method of any one of claims 13-15 
wherein the implantation site is the sub-arachnoid 
space . 

18. A method of producing a cell that 
secretes at least one enkephalin, one endorphin arid one 
catiecholamine/ comprising transforming the cell with a 
DNA encoding POMC operably linked to a first expression 
control sequence, a DNA encoding pro-enkephalin A 
operably linked to a second expression control 
sequence, and a DNA encoding TH operably linked to a 
third expression control sequence and a DNA encoding 
dopamine beta hydroxylase operably linked to a fourth 
expression control sequence. 



19. The method of claim 18 wherein said 
first, second, third and fourth expression control 
sequences are identical. 
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20. The use of the cells of any of claims 1 
12 to manufacture a medicant for treatment of pain. 

21. The cells of claim 20 wherein the cells 
are implanted. 

22. The cells of any one of claims 21-22 
wherein the cells are encapsulated in a semi-permeable 
membrane to form a bioartif icial organ. 

23. The cells of claim 22 wherein the 
bioartificial organ is immunoisolatory. 

24. The cells of any one of claims 21-23 
wherein the implantation site is the CNS. 

25. The cells of any one of claims 21-23 
wherein the implantation site is the sub-arachnoid 
space . 

26. A bioartificial organ comprising: 

(a) a biocompatible, permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins/ enkephalins, and catecholamines. 



27. The bioartificial organ of claim 26 for 
use in treating pain. 
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28. A method of making a bioartif icial organ 
comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 
analgesic conqpound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines, with a 
biocon^atible, permeable jacket. 

29. The use of a bioartif icial organ 
comprising the cells of claims 1-12 in manufacture of a 
medicament for treating of pain. 
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